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Popular Astronomy. 
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COMETS AND COMET FAMILIES. 


The re-appearance of Winnecke’s comet whic! 
Lick Observatory Jan. 2, 1898, by Mr. Perrin 
again to Jupiter's family of comets, and especially to this member 
ofthe family which was formerly'rated as third, because its period 
ofrevolution around the Sun was supposed to be only 5.58 years, 
the two other periodic comets having shorter times of revolution 
being Encke’s and Tempel’s, (1873 II) whe e times of 
revolution are3.29 years and 5.1li years. Since 1891 Swift’scomet 
(1880 V) whose period was supposed to be 6 years h: 


i 


is heen re 
duced to 5.50 years, and Tempel’s first (1867 IL) which was 5.98 
is now probably 6.51 years. These changes in data respecting 
the orbits of the inner members of the Jupiter family were all 


made in the excellent drawing of the orbits of the numerous 
family belonging to Jupiter which was published in October, 


1893, and the plate will be found in number 2, of PopuLar As- 


TRONOMY facing page 64. Referring to that figure the Earth’s 
path is at once noticed, as the small heavy circle near the center. 
The perihelion point which the Earth passes in its orbit about 


Jan. 1, each year, is ten degrees to the left of a point directly 


above the Sun and nearest to the top of the chart. The Earth 
then was at this point in its path when the Winnecke comet was 
first seen, at this return on Jan. 2, at the Lick Observatory The 


horizontal line in the chart through the Sun is the line of the 


equinoxes, the vernal equinox being to the right. Now it 


IS easy 
for any one to understand how the astronomer says the perihe 


lion point of the Earth’s orbit is 100° 21’ 22” in longitude if the 


reckoning begin at the horizontal line, and be counted from lett 
to right above to the point named for the beginning of January 

In the same easy way we can locate the con at the time it 
was found Jan. 2. It is known to most readers probably that all 
elliptical comets of periods less than 100 years, except Halley's 
comet, revolve in their orbits in the same direction as the planets 
do. To illustrate this, imagine a watch to be placed at the point 


representing the Sun in the chart with the face up, and the hands 
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moving in the plane of the Earth’s path. As the observer looks 
down on the watch he will see the hands moving in a direction 
‘ opposite to that of the comets and planets. Hence allofJupiter’s 
family of comets revolve around the Sun in the same direction as 
the planets do which is said to be counter clock wise in direction. 

To find the comet’s place in its path we have only to refer to 
tables that are now being published from month to month in this 
and other similar journals. From such tables we notice that the 
comet was about 160 millions of miles from the Earth when first 
seen at Lick Observatory in January last. With the radius ofthe 
Earth’s orbit as 93 millions of miles, any one can measure from 
the Earth’s position in its orbit to the left and determine the 
point approximately on the comet’s orbit which will indicate its 
place when re-discovered at this return. For January and Febru- 
ary it will be easily seen that the comet and the Earth will be 
slowly approaching each other, but after the first of March the 
two bodies will begin to separate, because the comet will have 
crossed the Earth’s orbit, in front of our planet, passing nearer 
the Sun than the path of the Earth, until on March 21 it reaches 
the perihelion point, and then it will turn in its journey again 
into space for another periodical absence of six years from our 
celestial neighborhood. 

We have been thus particular about a few of the manv common 
data that might be mentioned about this, or almost any other 
short-period comet, to interest unscientific readers in the meaning 
and use of comet charts. If careful attention is given to them 
they may be easily understood, and they will bring much help in 
getting definite ideas about the motions and the behavior of 
these erratic celestial visitors. 

The history of the Winnecke comet is worthy of a brief, passing 
notice. It was discovered by M. Pons, June 12, 1819, and the 
distinguished Encke tound for it a period of revolution around 
the Sun of 5% years which is a little less than the period given 
earlier. The next time the comet appeared was not until March 
8, 1858, when it was found by Winnecke of Bonn, and it was 
then regarded by him as a new comet, although soon after he 
identified it as the Pons comet. Its return in 1863, was not seen 
probably because of its unfavorable place for observatior. In 
June, 1869, Winnecke saw it April 9, and described it as a faint 
object not less than 6’ or 8’ in diameter. This comet was again 
visible in March, 1875, and from some calculations made at this 
time, it has been thought that it might be identical with a comet 
discovered by Pons in 1808. This comet was due again in 1880, 
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but it was not seen. It was observed in 1886 in the southern 
hemisphere. It passed its nearest point to the Sun at this return 
12 days sooner than the predicted time, and this fact led Oppolzer 
to think that its movements could not beexplained by the theory 
of gravitation alone, and so the existence of some resisting med- 
ium in its path seemed to be indicated. At the last return of the 
comet in 1892, it was observed from April to November, at vari- 
ous places in the United States and elsewhere. 

The question of a resisting medium in space is one full of inter- 
est to the physicist and to the mathematician. It was long ago 
suggested as a reason why the motion of the Encke comet did 
not conform to the law of gravitation as understood by Newton 
and other scholars since histime. Its period was about 21% hours 
shorter than that determined by computation from all known 
data down to 1868. From computations made at this time, it 
appears that this error is reduced about one-half, so that it is 
possible and to some degree probable, that the small error of per- 
iod in the Encke comet and that of the Winnecke comet will yet 
be explained without the hypothesis of a resisting medium in 
space. So far as we know investigation in any direction during 
the last ten years, has not contributed useful information in de 
termining the properties of a resisting medium in space if such a 
thing exists. That there is a medium in space for the transmis- 
sion of light and other cosmic forces seems a necessity, but 
whether it does really resist the movement of celestial bodies in 
space to any appreciable degree is a problem which the schol- 
ars in science have not yet solved. 

But the main purpose of this article is to present a chart show- 
ing the other comet families belonging to the planets Saturn, 
Uranus and Neptune. The accompanying plate was drawn by 
Dr. A. G. Sivaslian, the first graduate of the post course in Math- 
ematics and Astronomy at Carleton College, who is now at 
Anatolia College, Marsovan, Turkey, and in charge of the De- 
partment of Mathematics and Astronomy in that Institution. 
The drawing was made some time ago, but was delayed on its 
way in reaching us, so that an interval of more than four years 
has elapsed since the publication of the chart of the Jupiter fam- 
ily of comets to which this drawing is intended to be a compan- 
ion. In passing it should be noted, that a symbol representing 
the Sun at the center of the planet orbits should have been in- 
serted to make its appearance more complete. That was acci- 
dentally overlooked in preparing the copy, but it can be readily 
imagined and located by the reader. 
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From this drawing it will at once be seen that the Saturn fam- 
ily consists of two members: Comet 1846 VI (Peters) and Comet 
1885 IV (Tuttle) the most distant points in their orbits from the 
Sun being only a little way beyond the path of Saturn. Not 
much is known of the firstcomet. Its discoverer wasC.H. Peters 
who found it in June, 1846. He also computed its orbit whose 
period is 12.8 years with an uncertainty of one whole vear. At 
the time of ‘discovery the comet was visible for four weeks. 

Comet 1885 IV (Tuttle) received its name from the discoverer, 
H. P. Tuttle, who found it Jan. 4, 1858, while at Harvard Col- 
lege Observatory. (See article by Mr. Tuttle elsewhere in this 
number). Its orbit was computed by Bruhns and a period of 
13.6 years was found as a result. Its last appearance was in 
1885 and was first seen in that year by Perrotin, orbit recom- 
puted by Rahtz, the comet being visible for a period of five weeks, 
during the months of August and September. If the period is 
correct this comet ought to return in 1899 about the middle of 
May if there has been no disturbance in its path since 1885. 
It is to be hoped that careful watch will be made for its re- 
appearance. It is also noticeable that the aphelion points 
of the two members of this family are about 120° apart, a 
very considerable distance seeing there are but two. In Jup- 
iter’s family the aphelion points of all orbits but 6 lie within 
about the same distance on the planet’s path. If these 
planets have been two thousand years capturing their re- 
spective families from the vagabond wanderers of space, the 
vernal equinox has moved to the westward in that period about 
30°. So far as the Jupiter family is concerned, if the vernal equi- 
nox were moved eastward 15°, the autumnal equinox would be 
near the middle of the aphelion points of nearly all the family. 
This would mean a period of activity in the capture theory of 
something more than 1000 years if nothing more be said of the 
possibilities of planetary control. 

On the other hand when we look at the position of the Saturn 
family, it is almost exactly reversed from that of the Jupiter fam- 
ily. However, the number in the Saturn family is so small, that 
little if anything can be inferred respecting relations to suggest 
a possible cause for the positions of the orbits of this family. 

The comets which belong to the family of Uranus are two and 
possibly one more. We have presented two in the accompanying 
chart; the comet of 1866 I (Tempel) and comet 1867 I. The 
distances which the comets of the Uranus family reach, in out- 
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ward motions from the Sun, range between 18.3 and 20.1, the 
unit of these members being the Earth’s mean distance from the 
Sun, or about 93,000,000 of miles. The Tempel comet’s path 


has an aphelion distance of 19.7, while that of the 1867 I is 19.3 
The time of revolution around the Sun assigned to the former is 
about 33 vears,that of the latter about 40 years. The study of the 
comet of Tempel has some points of interest, since 1866, on ac- 
count of its connection with the stream of November meteors. 
In 1864 Professor H. A. Newton of Yale College became much 
interested in the November meteors and made a study of the 
periods of marked displays. He determined orbits for the No- 
vember Leonids, one of which Professor Adams, of Cambridge, 
England, favored strongly as the true one for this notable stream 
whose period was 33% vears. In 1866 a grand shower of 
meteors occurred, as was predicted, and the livliest attention of 
astronomers everywhere was drawn to this new field of astron- 
omical investigation. Soon after Leverrier of France published 
the orbit of the Leonid meteors obtained from the observed pesi- 
tion of the radiant and the periodic time assigned by Adams, and 
independently and almost simultaneously Oppolzer published his 
orbit of the comet of Tempel, 1866, and the two orbits were 
found to be practically identical. About the same time Schiapar- 
elli of Milan had found a similar relation to exist between the 
Perseid stream of meteors and Tuttle’s comet of 1862. 

Such new and astonishing facts concerning the relation of 
comets and meteors in some instances, at least, gave a new im- 
petus to the study of meteors. The fact that two celestial bodies, 
so unlike in kind, as previously supposed, should move in the 
same paths through space, and obey the law of gravitation in 
every way alike, at once awakened an interest in meteors, 
meteoric showers and meteoric trains before unknown. Hence 
for 30 vears astronomers have been looking forward to the time 


when the next great display of the Leonid shower shall occut 
The date set for it is close at hand and will take place in 1899, if 
the period has been as carefully determined as skilled « ervel 
generally believe More informatio1 cerning ennatt the 
meteors of this memorable stream e 1¢ (lis 
play can he favorably observed ! r | a 
in other possible ways to 1 der 
observers 

We have not space, this time, to sp of the remaining mem 
ber or members of this family, or of the fami yf six comets be 


longing to Neptune. We ought also, at anot time, t peak of 
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that family of comets which some think belongs to a trans-Nep- 
tunian planet, and answer the question if possible, whether their 
aphelion points give any suggestion as to the distance of that 
unknown, far-off planet which may be the disturber of Neptune’s 
motion that so far astronomers are unable to find, although 
some careful work has been given to the problem in various 
ways. Our readers ought also to notice that the families of most 
of the outer planets do, in the main, pretty plainly show that the 
principle of ‘‘capture’’ is undoubtedly the thing that governs in 
bringing the comets into the solar system, and in placing them all 
probably into families with suitable revolution periods dependent 
on definite relations that the planets and the Sun have sustained 
to the comets in long or short periods of time in the past. The 
nice adjustment of the motion of the planets in their orbits, as 
related to the velocity of comets coming toward our solar system 
from the depths of space is a point worthy of notice; but even 
beyond this, the motion of the Sun with the solar system in 
space affords the strougest support for the theory of ‘‘capture’’ 
in the outer families as well as in the family of Jupiter already 
noticed in a previous article. 
February, 1898, 
Northfield, Minn. 


THE LOST PERIODIC COMET (TUTTLE-SCHULHOF) III 1858. 
H. P. TUTTLE 


FoR POPULAR ASTRONOMY 

Early in the evening of May 2d, 1858, while searching for com- 
ets at the Harvard College Observatory, I detected in the constel- 
lation, Leo Minor, an exceedingly faint wisp of light which, al- 
though on the border of a region rich in faint nebulz I felt sure 
was acomec. ProfessorG. P. Bond,who was at that time using the 
great equatorial, immediately turned that instrument upon the 
object and his well-trained eye pronounced it to be a comet in- 
stantly. Of the twelve telescopic comets which I have discovered 
between August, 1857 and December, 1888, this one was by far 
the faintest, in fact it could only be seen in my comet-seeker of 
four inches, by indirect vision. 

I have not the references at hand, but I think the comet was 
not observed at Cambridge, after the middle of May. It was the 
intention of Professor Bond again to make additional observa- 
tions early in June, but bad weather set in and continued during 
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the greater part of the month of June. The late James Ferguson, 
of the Naval Observatory, informed me that, armed with an 
ephemeris, he was unable to pickit up with the Washington equa- 
torial. At Ann Arbor, Professor J. C. Watson succeeded it 
ing only one observation, and this on May 30th or 31st. 


ntak- 


This comet, whether looked for or not, was not seen at any of 
the European Observatories. 

In January, 1864, Professor Watsonsent me his observation of 
May 30th or 31st, and with others made at Cambridge I com- 
puted an orbit which was almost identical with those computed 
by Professors Hall and Safford in 1858, from the Cambridge ob- 
servations alone. 

Many years ago the distinguished French astronomer, Mr. L. 
Schulhof, investigated the orbit of this comet and found that it 
was moving in an orbit of about six years and seven months, 
His investigations and a sweeping ephemeris were published in 
the Astronomische Nachrichten, the No. or Nos. of which I do 
not now remember. Dr. Spitaler of Vienna appears to have heen 
the only astronomer who made use of Mr. Schulhof’s ephemeris. 
With the great Vienna refractor he found an object near the com- 
puted place which a few nights later had disappeared. Unfavor- 
able weather compelled him to give up further search for the mis- 
sing body. 

Dr. J. R. Hind, late Sup’t of the British ‘‘ Nautical Almanac,” 
gives an interesting account of this comet in Nature of some fif- 
teen years ago 

Mr. Schulhof deserves great credit for his investigations, and 
some future astronomer with the zeal and perseverence of a 
Barnard, may yet pick it up with his camera somewhere ‘‘ on the 
confines of creation.” 

January, 1898, 

Bright wood, dD. €. 


LIGHT FLUCTUATIONS OF VARIABLES AS RELATED TO 
CHANGES IN POSITIONS OF PERIASTRON AND IN 
ORBITAL ECCENTRICITY. 


FoR POPULAR ASTRONOMY 

The increasing number of variable stars whose light changes 
are finding at least provisional explanation on the hypothesis of 
the existence in their systems of unequally illuminated compon- 
ents adds interest to questions relating to the effects on light 
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variation of perturbations such as the orbits of secondaries are 
likely to undergo. In the face of well established facts, it can 
hardly be supposed that the secondaries, whose eclipses and occul- 
ations are mainly concerned in the light fluctuations of these 
stars, are the only bodies invelved. The analogies furnished by 
multiplestellar systems and by our own planetary system, tosay 
nothing of Dr. See’s convincing arguments for the actual exist- 
ence in the system of 70 Ophiuchi of an invisible disturber, 
heighten the suspicion of the presence in certain variable systems 
of numerous unseen attendants, almost to a conviction. That 
such bodies come within the reach of neither telescopic nor spec- 
troscopic vision in no way militates against their acceptance, 
since low brightness coupled with high orbital inclination to the 
sight line would remove them wholly from vision of either sort. 
If we add to the evidence recited above, the testimony of the faint 
companions of Sirius and Procyon and the invisible attendants of 
Algol, 7 Aquilae and others, it would even seem that the burden 
of proof of the existence or non-existence of the conditions neces- 
sary to orbital perturbations in variable star systems now lies 
with the negative. 

Assuming then, that in some of these systems such conditions 
do exist, it will be interesting to draw a few inferences. Many of 
these inferences are sufficiently elementary and interesting to 
justify their insertion here. The writer cannot but think that 
the ideas set forth below have occurred to many students of vari- 
able stars, though he has been unable to find anything similar in 
the astronomical journals available to him. It is barely possible 
that others may be in the same condition as the writer, and if so, 
it is to such he would direct his remarks. 

The, specific subject of the 
following inquiry is whether 
or how the nature of the light 
changes of variables to which 
theso-called satellite theory is 
applicable, is affected by a rev- 
olution of the line of apsides 
and a change of eccentricity of 





the relative orbit. 

Let the positions of the satel- 
/ lite at the instants of superior 
“ee and inferior conjunctions be 
Fig. 1. represented by the circles 
whose centres are at J, and M respectively, and let the larger 
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circle represent the position of the primary. The alternate pas- 
sage of the smaller body before and behind the larger produces 
the light variation. The bodies are supposed to be unequally 
bright and the discs to be circular. The ares P\/, and DM repre- 
sent portions of theorbit of the secondary. 

Let a and a’ denote the areas common to both discs at the 
times of superior and inferior conjunctions respectively. 

rand r’, the radii vectores at the same instants, pand 2’, the 
radii vectores of the apparent orbit at theseepochs, %, the ratio of 
the radius of the secondary to that of the primary, A, the ratio of 
the brightnesses in the same sense 

@, the true anomaly of the secondary at inferior conjunction, 

x, y, x’ and y’, the angles EOC, EMO, GOF and GM’O in the 
figure. 

6, the common angle of projection of rand r’ and 

L, the ratio of the brightnesses at the conjunctions. 

We have them directly from the figure, 


1+(1—a)Ax 


1 L=:; — 
(1) 1 +(A — a’) # 
Brightness at the minimum of superior conjunction 
Brightness at the minimum of inferior conjunction * 
. ° a’ . 
The denominator may also be written 1 + (1 —. ) Ax? for eas- 


ier comparison with the numerator. If now, 


, 
a 
A < , there will be two unequal minima, the l»wer falling at inferior conjunction 
a 
, 
_ i 
a> ’ . eriot 
a 
, 
aw 
= ‘. se oe ** equal 
a 
a=Q, a ‘ “ but one minimum at most and this 
“=. 
a> O, s ‘ “* at least one minimut 1 
re >. ‘ 
f=a= | ke - no minimum 
lo illustrate these matters geometrically, we may choose an 


ellipse of eccentricity 0.66 and of inclination 


cos —! (0.25) 


n For the larger 


body take a radius equal to 0.104a and for the smaller ( 
i, | 


75 31’ to represent the orbit of the svster 


and let 
us suppose also the darker) to 0O073a, when a denotes the semi- 


major axis of the orbit. In the accompanying figures, the posi- 
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tion of the line of apsides AA lies with respect to the node line 
KK’, as it would appear to an observer viewing it from a posi- 
tion in the perpendicular to the orbit plane. 


Fig.1 














In all the figures the line of sight must be supposed to pass 
through the larger body and perpendicular to the plane of the 
drawing. In Fig. 1 the apparent orbit is represented by a dotted 
line and elsewhere only the positions GG, KK of the companion 
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at the principal epochs of light change are given. The minima, 
of course, occur when the positions GG of the secondary in its 
real orbit are such that its dise is projected wholly, or partially, 
before, or behind, the dise of the primary The projections of GG 
are everywhere denoted by G’G’. In all the figures the G’ above 
Kk’ represents the inferior conjunction of the satellite 

In Fig. 1 (Figs. here refer to the group just preceding) the 
line of apsides coincides with the node line, consequently, 
whatever the eccentricity, @ must here equal a’ Hence 
the falling in brightness at these epochs will be equal 


, 
a 


or unequal according as A l,orA— 1. Ifthe minima are 
a 


unequal, the lower, or primary minimum falls at the inferior, or 


, , 


ai a 


superior conjunction, according as A ,orA . This fol- 
- a a 
lows directly from (1), since L l,orL <1, according as 
P a ° a . as 
(1—a) \ — (A — a’) a — \) is positive, or negative. Since 
a 


, 


a ° . . ° 
now 4, and 4 are all essentially positive, this expression must 
a x 


be positive or negative according as A , or) - EL 1 


the primary minimum must, of course, fall at inferior conjunction 
and if L > 1, at superior conjunction. 

For this position of periastron we should, of course, have the 
greatest possible difference of intervals between the minima. 

On the hypothesis of the validity of Kepler s law in stellar sys- 
tems, these intervals, as also those of the remaining figures, must 
be proportional to the areas GKk’G and GKG. The maxima obvi- 
ously occur when both bodies present their full discs to the 
observer. 


Fig. 2 exemplifies the condition of things after a motion of 15 


of periastron has occurred. Here a’ a and the minima will 
» sa a a’ 

again be equal or unequal, according as 4 , ors . But 
a a 


it is important to notice that if the minima were equal in the 
foregoing case, they must here be unequal and the reverse. Atall 
events it is possible that an essential alteration in the star’s 
mode of variation may have resulted from pure periastron change. 
In the event of unequal minima, whether the primary or secon- 
dary minimum falls at inferior conjunction, is determined by the 
same considerations as before. 


Fig. 3 represents the case after a periastron motion of 60° has 
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ensued. Since a now equals 0, the minimum at superior conjunc- 
tion has completely disappeared. The brightness now fluctuates 
between wider limits than before, since the dise of the companion 
during eclipse now encroaches deeper than formerly upon that of 
the central body. It is moreover to be noted that the star has 
now been transformed from a variable of two minima, into a 
variable with a single minimum. The sequence of changes from 
a variable with two equal minima into one with two unequal 
minima and finally into another with but one minimum, might 
be exhibited by the three stages. It is evident that if a variable 
loses one of its minima from this source, it must have done so by 
an approach of the secondary minimum towards the middle of 
the period. 

In fig. 4, a= 0 and a’ isa maximum. The intervals Max. II — 
Min. and Min. — Max. I have become equal and between the 
brightness at the minima the greatest possible inequality obtains. 

In fig. 5 the position of periastron has moved by 235°, a has 
become zero and the eclipse at inferior conjunction has disap- 
peared, while the minimum at superior conjunction has reap- 
peared. 

Figs. 6 and 7 show what would happen if the eccentricity had 
decreased from 0.66 to 0.424 without a change in the position of 
the line of apsides. 

In fig. 6, a= a’ =0 and the star no longer exhibits light 
changes, and this condition of things will prevail until the motion 
of the line of apsides brings a shorter radius vector between the 
point ofconjunction and the central body as has occurred in fig. 7. 

It is a note-worthy fact that in a system whose orbit has such 
a form and position as to give a period with two minima, the 
star can never completely lose its variable character through 
pure periastron motion. This might occur temporarily however 
with a period containing a single minimum, though the motion 
which removed the secondary minimum would in course of time 
restore it again. The point has been made sufficiently clear that 
the periastron motion, coupled with an alteration in either the 
inclination or the eccentricity may transform a variable whose 
light changes are explicable on the satellite theory, of either one 
or two minima into an invariable star. 

Let us now derive the counection between @ and a’ and the or- 
bital elements and confirm some of these conclusions algebra- 
ically. 

Without restricting the generality of the problem we may put 


, 
“” 0 
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We have also p’ = r’ cos 6 and » = rcos o 
From the laws of elliptical motion, 


) , ) 
r= F ; and r = l 
1 +ecos w l ecos (7 — @) 
whence 
(2 p” "i 1 e cos 
<) jj r 1 r € COS 


From the oblique triangles GOM and EOM of Fig. 1, we find 


1 
a x —7 SIN 2x Z - x” Sin 23 
, ; bs ] 
a K —, Sin <x J sin <3 
Writing for brevity 
2 . (1 - i”) 1 eC COS l ec co ( 
(3) oO cos xX are 
aa ff A c > 
and 
, ( ” One e€ COs 1 € COS @®) 
(4) oO COS J 
ha (1 ¢ COs 
“ 1 — % p) 
(oO) 4 COS xX , 
2/2 
F —l1+,) DD 
(6) A’ COS V 
); 
aH 


All these are readily written from the triangles mentioned 
above. 
We may now write 


a cos —1 6 — =~ sin 2 [cos —1 6 
. l 
%- COS Lo 7 sin 2 |cos ir) 
(7) | 
a’ cos~! J4- > Sin 2\|cos 
] 
COS sin 2/co ; ] 
‘) 
From (7) and the definitions of 6, 0’, and J’ it is seen, that 
, 
a , 4 1 , 
, @ and a depend only upon % and the elements of the orbit, 
a ‘ 
since 
ICOS O ° . ° ° 
(8) 9’ / , and @ is given by sin 6=sin/sin @., 


1 r e€ COS W 


Inasmuch as the character of the star’s variability depends 
, 


a P ae y 
wholly on , a’ anda, it is clear that the orbital elements to- 
7 a 


gether with x, determine it. 
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From (3)—(6) it is apparent that @ varies continuously with 


1—ecos @ 1—ecos @ 

— eee and (1 + x) ciao? 

a approaches 1, or 0, according as p’ approaches the first or sec- 
ond of these values. «@’ is a continuous function of p’ between 
1 — x and 1 + x, when p’ approaches 1 — x, a approaches 1, and 
when p’ = 1+ x, a =0. If the form and position of the orbit 
are such that, 


p’, between (1 — x) 


1— x 1—ecos @ F 1+ x 1—ecos @ 
: r ? 
cos 6 1+ ecos @ cos 6 1+ ecos o’ 
' 1—x | it+nx 
or more simply ee eee =, 
~ cos 6 cos 6 
it follows that 
—ecos @ 


, 1 
(9) (1 — x) p< (1 +) 1+ ecos @ 


and consequently, neither @ nor a’ equals zero, and the variable 


1—ecos & 


1+ ecos @ 


must havetwo equal or unequal minima, according as 


, 


a < a 
A ,orA ~—, 
a a 
, 1—ecos @ 
If p’ > (1+ x) 1 .,.@ equals 1 and we have at least one 
rT €COS @ 


minimum. But if 


1—ecos @ ss 

; ., we shall have one minimum at most. 
1+ ecos @ 

Similar conclusions follow for a’, if p’ lies without the limits 
1—xand1+ %. Sosoon asp >1-+ x, the star ceases to be a 
variable. 

From (8) it appears that p’ satisfies (9), if cos @ satisfies 


o > Cr.2e 3) 


1 pcoso ae pcos 6 
10 —— =, cos @ < —— ~. 
on e ei—«x e etl + #) 
From this, p < 1+ x, if 
" pcos 6 1 
cos @ > —-. 
e(1l+ x) e 
If now 
. p cos 6 » . 
11 — cos @ > ——< cos @, 
9 e(1+ x) e 
we have, 
, 1—ecos @ E 
(1+ x) -<p’ <1+x. 
1+ ecos @ 
But if 
=... pes 1 ee 
COS @ > — —, we obtain p’ > 1 M. 
e(l +x) e f + 


Recapitulating then, we may say, that if the orbit of the star 
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has such a position as to satisfy (10), the lightcurve must exhibit 
two minima, which may be either equal or unequal. If now, 
periastron should shift its position until (11) is satisfied one min- 
imum would disappear, and if the motion should continue until 
(12) becomes true, the star must cease temporarily to show light 
fluctuations, since in this case a a =0. A continuation of the 
motion however, might bring cos @ between its former limits, 
whereupon the star must again resume its light changes, feebly 
at first, but with ever rising emphasis, until in due course, a max- 
imum value of the amplitude of light variation shall be reached, 
after which the process will be repeated. 

Since cos @ may assume values between its limits for which 

a 


A= _,i. e. for which the minima become equal, we may readily 
a ‘ ° 


conceive how these simple and familiar periodic changes of the 
orbital elements make it possible fora ‘‘dounle variable”’ to show 
a period of light change with two equal or unequal minima at 
one epoch and with a single minimum at another. It is also just 
as easily conceivable that a star may lose its variable character 
entirely for a time and resume it again or not at a later epoch ac- 
cording as the inclination or eccentricity remain constant, or un- 
dergo change in the mean time. It is even possible that the fore- 
going elementary considerations may account for the unexpected 
appearance of variable stars in places, where, previously, or sub- 
sequently, invariable stars have been recorded. They may also 
‘ontribute to the explanation of the enigmatical flutterings of 
brightness of some temporary stars. 
UNIVERSITY OF ILLINOIS, Urbana, IIL., 
Jan. 26th, 1898. 


VARIABLE STAR CLUSTERS. 
EDWARD C. PICKERING 


Since the announcement made in Circular Nos. 2 and 18, of 
variables discovered in clusters, a further examination of the 
clusters w Centauri, Messier 3, Messier 5, and N. G. C. 7078 has 
been made by Professor Bailey. As a result, the numbers of 
known variables in these clusters have been increased by 62, 19, 
22, and 24 respectively, making the total numbers 122, 132, 85, 
and 51,or 390 in all four clusters. Adding to these the 47 already 
announced in other clusters, makes the total number 4.37. 
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NEW VARIABLE STARS. 

When a new variable star is discovered at this Observatory it 
is the custom to collect all the photographs of the region contain- 
ing it and to derive its photographic magnitude from each of 
them as described in the H. C.O. Annals, Volume X XVI, page 
250. Wecan thus determine its brightness on from twenty toa 
hundred or more nights distributed over the last ten years. The 
approximate dates of maxima, the corresponding magnitudes, 
the period and the form of light curve are also determined so far 
as possible. Examples of such results have already been pub- 
lished, but every year, owing to the increasing amount of ma- 
terial, the work becomes more laborious although at the same 
time more complete and exact. Many of these stars vary irregu- 
larly so that their elementscannot be determined precisely. When 
the object is not a catalogue star its position, and that of each of 
the fainter comparison stars must also be determined from meas- 
ures of their rectangular codrdinates. An attempt is then made 
to photograph each of these variables once a month, and, if pos- 
sible, to obtain corresponding observations of their visual magni- 
tudes. As the total number of variable stars discovered here is 
now more than a hundred, not including those found in clusters, 
the labor involved in this work is very great. Accordingly, it is 
difficult to reduce all the required data for one star before another 
is found. The accompanying table gives the material that has 
been so far collected for the variables recently discovered here 
from the Draper Memorial photographs: 











Constella- Designa m..a Decl = No Magn. ; 
tion. tion 1900 1900 rype. Plates FE Discoverer. 
sr rt. 
h m 

Eridanus. 16 771 3 59.8 16 O III 35 83 94 M. Fleming. 
Eridanus.. — 25 1766 . 22 25 24 III 65 8.1 125 M. Fleming. 
Monoceros. - & 1641 6 62.5 8 56 III 13 «8.1 10.3 M. Fleming. 
Puppis 38 4049 8 1.7 38 29 IV L. D. Wells 
Puppis ; 22 160 8s 3.1 22 38 _ =sOC‘IN ; L. D. Wells. 
Hvydra.. - 5° 2550 S 24.7 5 59 Ill M. Fleming. 
Carina bins R 10 409 58 54 149 96 10.7 L. D. Wells. 
Virgo.... - §° 3424/12 2.1 6 12 III MI. Fleming. 
Centaurus 13 15.1 61 : III M. Fleming. 
Apus. ‘ AGS 153 55 6 76°19 III -———— 
Bootes + 14 14 1.7 1 5M tii? L. D Wells 
Libra ee 14 30.3 17 36 ‘II? 38 8.3 96 E. F. Leland. 
Triang. Aust.|A.GC 15 4.8 69 42 IV 85 9.1 9.8 —.- 
Serpens } +10 16 2.5 10 12 STII 41 (9.0 11.9 M. Fleming. 
Ara, 6%. 16 54.3 54 55 IV L. D. Wells. 
re 1A.G.C. 23 17 347 57 40 IV L. D. Wells 
Pavo.. 17 41.1 62 23 III 65 |9.1 12.8 M. Fleming. 
ae | 17 45.7 51 40 Ill . M. Fleming 
Cygnus. + 32 622 19 37.1 32 2 IV L. D Weils. 
Pavo.. ‘ A. 20 3.3 60 14 III M. Fleming. 
Capricornus..|A 20 11 21 38 IV 5 8.6 103 . 
Micros’opium 20 22.6 40 45 —sOIIT 70 |8.5 12.5 M. Fleming. 
Capricornus .| - 7 7 16 49 III 79 368.1 9.3 M. Fleming. 
Aquarius..... | — 14° 14 48 III 78 (8.4 9.3 M. Fleming. 
Indus .. iAGC 45 27 IV L. D. Wells. 
Andromeda .. 48 5 Ill 18 (9.3 9.8 M. Fleming. 
Cassiopeia . 2 [oS 7 Ii 101 (9.8 13.4 M. Fleming. 
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R. A. 3° 59™.8. Bright hydrogen lines suspected. 

R.A. 4° 7™.3. Hydrogen lines bright. 

R.A. 6"°52™.5. Hydrogen lines bright. 

R. A. 8°1™.7. Found to be fourth type by Mrs. Fleming 

R.A. 8" 24.7. Bright hydrogen lines suspected. 

R.A. 10° 40™.9, This star is No. 119 on page 627 of the Argentine General 


R. A. 125 2™,1 sright hydrogen lines suspected 
R. A. 13" 15™.1. Hydrogen lines bright. The position of this star for 1875 
is R. A. 13° 13™ 31°, Decl. — 60° 55’. 


R.A. 13"55"™.6. Bright hydrogen lines suspected. In tl 


1e Uranometria Ar- 
gentina, page 243, this star which is 9 Apodis, is stated to be variable. Discov- 
ered independently by Mrs. Fleming by means of its spectrum. The photographs 
show a variation of about one magnitude. 
R.A.15"4™.8 In Argentine General Catalogue ‘‘var 
ently from photographic charts by Miss L. D. Wells. 
R. A. 16" 2™.5 Hydrogen lines bright. 


R.A. 17°41™.1. Hydrogen lines bright. The position of thi 


Discovered independ- 


S this star for 1875 
is R. A. 17" 38™ 455, Dec. = — 62° 21’.6. 

R. A.17°45™.7. Hydrogen lines bright. The position of this star for 1875 
is R. A. 17° 43™ 42°, Dec. — 51° 31’.2. 


R. A. 20°3".3 Bright hydrogen lines suspected 
R.A. 20° 11™.3. Suspected of variability by Secchi and others. 


pendently from the photographs by Miss L. D. Wells. 


Found inde- 


R. A. 20" 22™.6. Hydrogen lines bright Maxima represented by formula, 
2410860 + 325 E. 


R. A. 23" 50™.3. Bright hydrogen lines suspected. 
A. 2 


R 23" 58™.2. Hydrogen lines bright. The position of this star for 1855 
is R. A. 23" 55™ 538, Decl. — + S5t° 52’.3. 
In Circular No. 10 the variability of — 27° 15202 (erroneously printed 15203) 


suspected by Thome and was confirmed by Miss E. F. Leland. Measures of 35 


photographs give the maximum brightness 8.9, minimum 12.3. 

In Circular No. 17 the variability of a starin R. A. 0® 25™.5, Dec. - 46 
58’ (1900) is announced. Measures of 26 photographs give the maximum 
brightness 9.0, minimum < 12.2. 

In Circular No. 17 the variability ot a star in R. A. 135 31™.1, Dec. — —55 


58’ (1900) is announced. Measures of 


brightness 9.0, minimum < 12.6. 


12 photographs give the maximum 


In Circular No. 17 the variability of a starin R. A. 205 8™.5 Dec. — 44° 
43’ (1900) is announced. Measures of 114 plates give the maximum brightness 
9.0, minimum < 11.4. 

In Circular No. 19 the variability of a star in R. A. = 5" 18™.9, Dec = — 69 
21’(1900) is announced. Measures of 51 photographs give the maximum bright- 
ness 8.2, minimum 9.4. 

January 31, 1898, 


Circular No. 24. H. C. Observatory, Cambridge, Mass 

















18 Nebulz Discovered at the Lowe Observatory. 


LIST NO. 6 OF NEBULZZ DISCOVERED AT THE LOWE OB- 
SERVATORY ECHO MOUNTAIN, CAL., FOR 1900. 


LEWIS SWIF1. 


Fork POPULAR ASTRONOMY. 


No. Date. R.A. Decl. Description. 
hm s ‘ = 
1 Dec. 25 21110—31 3915 pF. pS. R. distant D*nf. 


~~] 


2 1 225 45—3442 O eceF. S. R. D* nearly p. np of 2. 
3 “ 22 226 O—34 4142 eF. eS. R. F*nrn. D*np. Sf of 2. 
4 “ 22 22615—36 2855 pB. pS. vE. 
5§ “* 22 237 O—28 37 O eeF.S. R.3 fine Dstnf. each about 7”. 
6 “ 22 240 35 — 28 22 35 eceF. S. R. D*np. 
7 “* 22 3 730—25 42 O eeF.S. R. 2fst near Sp point to it. 
8 “ 26 335 40—27 1110 ek. eF. JE. * close nf. stellar. 
9 * 26 3 50 40— 28 2615 eF.S. F* in contact nf 
10 “ 238 4 8 30—32 4948 vF. VS. R. resolvability suspected. 1531-2 
in field. 
1 “ 26 +452 O— 28 41 35 eceF. pL. iR. D* 24 S1 point to it. 
12 Nov.30 5 2 30— 20 47 15 eceeF. pS. bet 2st. close to eeF D* eeedif. 


_ 
oe 
oO 
io) 
to¢ 
— 
=" 
. 


11 30 eeeF. vS. R. 7™* 15% p little S nearly ob- 
literates it, 
4 ™ 1 5 30 O—23 36 30 eeF. pS. R. T™ close f Sf of 1880. 
15 Nov.30 544 O—30 31 57 eceF. ps. R, F* nrp. sev Bst Sf. Astn curved. 
16 Dec. 1 5 53 25—23 11 30 pB. pS. R in vacancy. sev BstSf. 
e 1 5 56 45—23 41 30) B.L.R. bet * nt and wide D* np. 
18 “ 26 6 1 5—27 51350 vF. pS. 1E.* in contact mp. nend like a 
brush. 
19 “ 28 91810—32 255 pF. cS. vE. 10™* close Sp. 
20 “* 28 954 5—26 42 35 eeeF. eeS. R. eFD* close S. eeedif. 3078 in 
field. 


21 “* 28 1011 20—33 03 10 eeF. pS. iR. in center of trapezium. 
22 * 30 10 16 38—<¢ 1615 vF.cS. R. 9™* pretty close f. 
is 


5 eeeF. eeS. R' eF* in contact S. f of 2. Note. 
35 eeeF. eeS R. eF* in contact S. fof 2. Note. 
5 25 eceF. eS. R. eeFD"* near S. 


24 ‘* 30 10 35 12—; 
25 “ 29 1036 O—3 


— 


2 
3 
23  ~§ 30) «10 24 30 — 3! 
3 
3 


Notes to numbers 23 and 24. The descriptions of these two 
nebulz as will be seen are identical in every particular. I ob- 
served a very faint nebula which on examination of N. G. C. 
proved to be No. 3267. Near following was an exceedingly faint 
double star, which with a power of 132, looked as if the north 
Qne was an exceedingly small nebula of unimagined faintness. 
With 200, my suspicion that it was not a star was confirmed. 
Soon I ran across another presenting the same appearance, both 
being north of the star, and at the same distance (about 4”) and 
of the same size and brightness or rather faintness. These minute 
objects if as distant as their companion stars must in volume 
rastly exceed the orbit of Neptune and yet are self luminous. 

Ecuo Mounra., California. 
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LOWE OBSERVATORY, ECHO MowunrtmvaAIN, CALIFORNIA. 











LIST NO. 7 OF NEBULZE DISCOVERED AT THE LOWE OB- 
SERVATORY. 


LEWIS SWIFT1 


FOR POPULAR ASTRONOMY 


No. Date R.A 19000 Decl. 1900.0 Description 
h n s 7 
1 jan. 22 923 0—42 24 30 pB.S.R.7 nt. D*p . 
2 Dec. 30 945 O 32 23 5 pB. pS. ee&. spindle 7 np. np. of 2. Not 
2038 
3 = 30 9 45 35 — 32 25 » ee F, eS. 3F st close f. sfof 2 
30 9 52 32—3148 O vF.S.R.7 * np. 2 or 3 Fst neat 

5 0 10 24 30 35 315 eeeF. eeS. KR eF* incon sp of 2. 

6 Jan. 1 10 26 3—28 12 30 pF. vS. R. trapezium or sp. 

hs 1 10 27 10— 29 52 35 eeeF pL R D* nr sf.“ with dis com/fandp. 
8 Dec. 30 10 35 12—835 31 35 eeeF. eceS. hk. eF* in con. sf of 2. 

9 Jan. 1 1117 O—28 27 30 pB. pS. R. 10™* close n If. 7"* 1. 

10 Dec. 29 11 49 35—37 21 35 eF. vS. 7™* Sp 

Zz * 12 O 30 —27 2245 vF. L./E.8™ nerf. np of 2. 

12 Jan. 1 12 0 35— 27 24 25 eceF. pL. ek. 3 8™ stars f. sf of 2. 

is * 3I 12 325—31 215 pB.vS.* close sf. ve. 45°. 

14 1 12 14 28— 25 37 15 _pB.S. R. bet 4st sf and 8™ np. 

15 30 12 18 45—39 14 0O pF. vS. R. close p of N. G. C. 4373. Note. 
Se * 1 12 20 O0—25 3015 eF. vS. R. bet. 7™* st and 8™ np. vdif. 











| 











20 Motion of a Heavenly Body ina Resisting Medium. 
No. Date. e. A. 1900.0 Decl. 1900.0 Description. 
2 m s , 4 
17 “ 30 1222 5—38 48 50 pB. pL. R. 7™* with dis'com nrp. 
ae 1 1245 U0—25 2215 eceeF.S. R.8™* nf. 
ee 1246 O0—29 1735 B.S./E. 
ee) | 13 1110—31 33 45 pB. pS. R.9™* nr sf. 
21.” #1 1312 5—31 745 eeeF. pL. R.9™* nr sp. edif. 
rn: 13 18 25— 29 47 37 eeF. pS. R. trapezium nr sf. 
23 “ 30 1331 0—3335 0 pF. pS.R. 
24 “ 30 13 31 10—33 33 55 eeeF. eeS.like D*,onecomnebulous. Note. 
25 “* 380 13 51 35—89 31 50 8™* in center of eeeF nebulosity. Note. 


NOTES. 

A few of the above are very interesting objects, some for their 
size and brightness, and remaining so long undiscovered: others 
for their extreme faintness. 

No. 15. This is a double nebula, its companion being G. C. 
2928 = N. G. C. 4373. As it is close to the above and nearly as 
bright though much smaller, it seems strange that it should have 
been missed. 

No. 24. This is another and the 4th I have found resembling a 
close Dstar. All have been about 4” apart. They are doubtless 
physically connected, one being a star the other a stellar nebula. 

No. 25 is a nebulous star, the only one I have ever discovered. 
The central star is of the 8th magnitude, environed in an exceed- 
ingly faint luminous atmosphere. An 8th magnitudestar follows 
15’, which was free from nebulosity. 

Ecuo Mouwnraln, California. 


THE MOTION OF A HEAVENLY BODY IN A RESISTING ME- 
DIUM. 


GILBERT AMES BLISS. 


For POPULAR ASTRONOMY. 


The problem of motion in a resisting medium is to find the 
effect of such a resistance upon the motion of a planet or comet, 
revolving around the Sun.* It is needless to say that the planets 
have never shown any irregularities of movement which could be 
attributed to this cause; and such a state of affairs agrees exactly 
with theory, because the densities of the planets are enormously 
great as compared with the supposed density of the ether. The 
motion of a planet in ether is like that of a bullet falling in air; 
the effect of the resistance is very slight, and a long period of time 
is necessary before the planet can be retarded to a degree at all 





* See Tisserand’s Mecanique Celeste Vol. 1V., Ch. XIII. 
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sensible. But with comets the conditions are different. Their 
densities are extremely small as compared with those of the 
planets, and in absolute value are very much less than the best. 
vacuum obtainable with an air-pump. It would therefore seem 
possible, or at least plausible, that the resistance of the ether 
might affect a comets’ motion; and as a matter of fact one comet 
(Encke’s) has shown irregularities which can be explained only 
by the existence of a resisting medium. 

sut before definite investigations can be undertaken, it is neces- 
sary to find the law of resistance to motion in a medium. The 
opposing force depends upon three things, (1) the cross section 
of the body, (2):its velocity, and (3) the density of the medium. 
The effect of the first is evident, for the larger the body the harder 
it would be to move it in any substance. But the law as de- 
pendent upon velocityis not so apparent. It has been found that 
the resistance in air increases with the velocity, but not in pro- 
portion to the first power. Some very good authorities consider 
that it may be expressed by a series involving the velocity to the 
fourth power at least. Thus. 

R=a+bV+cV’?+dV eV 

where a, b, c, etc., are constants. But no law has ever been de- 
duced from theoretical considerations. Similarly it is easy to see 
that the resisting force is proportional to the density of the me- 
dium. 

As a well-established law of resistance is lacking, one has been 
assumed which is very general; namely, 

“nS ; 
(1) R pV” = hpl 
m 

where FR is the resistance per unit of mass, S is the cross-sec- 
tion, m the mass, V the velocity of the body, and 


V5 


p is the 
density of the medium. In the case of the solar system where 
the Sun is the powerlul center of attraction, it is probable that 
the central ether lavers are more dense than those far away, so 
that the density at any point in space may be expressed as in- 
versely proportional to r, the distance of the point from the Sun. 
Thus 


fj) 
The equation (1) becomes ;— 


uS V® vy 
(2) = h 
™m rr r“ 
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Expressed in words, this means that the resistance is directly 
proportional to cross-section and to some power of the velocity 
(p being unknown), and inversely proportional to some power 
of the distance from the Sun. The generality of the assumption 
lies in the fact that p and gq are entirely arbitrary. It is very 
curious that whatever the values of p and q, the results obtained 
are almost the same, and the larger p and gq are taken the nearer 
these results are to coincidence. 

The law of resistance being thus assumed, it remains to describe 


its effect upon the orbits of the planets and comets. To one un- 


acquainted with the problem it might seem possible to derive the 
curve into which the orbit is transformed under the influence of 
the resisting force. But such a direct solution is impossible be- 
cause differential equations are involved which can not be inte- 
grated by known methods. There 1s, however, another method 
which enables us to obtain readily very approximate results. It 
is the calculation of the variations in the elements of elliptic mo- 
tion, caused by the resistance. The elements which determine the 
orbit in which the body moves, are six in number. Two fix the 
position of the orbit plane in space with respect to the plane of 
the ecliptic. They are the inclination denoted by 7, and the longi- 
tude of the ascending node denoted by . The inclination is the 
angle between the two planes, and \ is the angular distance in 
the plane of the ecliptic between x-axis and the ascending 
Two other elements, the major-axis denoted by a, and the 
tricity denoted by e, determine the size and shape of the ellipse 
itself. And finally, the position of the ellipse in the orbit plane is 
defined by @, the longitude of perihelion, and ¢ the longitude of 
the mean epoch. @ is the sum of two angles, v in the plane of the 
ecliptic, and the angle between the line of nodes and perihelion in 
the orbit plane. 


node. 
eccen- 


Similarly €is the sum of v, and the angle be- 
tween the line of nodes and the mean epoch. The epoch Tis 
usually given as the sixth element, but in the present instance it 
is more convenient to use an angle such as €. 

If these six elements of an elliptical orbit are given, the orbit 
itself can be determined in space. To solve the problem of a re- 
sisting medium the orbit is assumed to be always an ellipse. The 
elements of elliptic motion are known at present, and the altera- 
tions which will be produced in them by the resistance can be 
calculated. Consequently the shape of the orbit at 
time, and its position in space can be deduced. 

As was said above the problem is to find the variat 
elements caused by the resistance. These variations 


any future 


ions in the 
are of two 
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kinds, periodic and secular. An element varies periodically when 
it first increases and then decreases by the same amount, or vice 
versa, in a definite period. Such variations are unimportant be- 
cause they are small and have periods lasting not more than one 
revolution of the body. But the secular variations are important. 
They accumulate from year to year and if given time enough pro- 
duce very marked changes in the orbit. 

The general equations expressing the variations of the elements 
are as follows: 
di 
dt 
dv 
dt 


0 


dw 2R,\y1—e sin \ 

| dt sais nae \ 1 e* + 2e cos 1 
ae eee P 
dt nayl+e’+2ecosv |a 1+ 41 2 | 
da - 2R —— 

dt ~~ ara Vite + ze cos v 


de _ 2R v1 —e cos vt+e 





dt na \ 1+ e + 2ecos vy 


where 7 is the mean angular velocity of the body; and v is the 
true anomaly,or the angular distance which the body has moved 
from perihelion. It will be remembered that e, the eccentricity of 
an ellipse, is always less than unity and greater than zero; and 


1 
} 


a,n,and R, are positive quantities; so that the only factors in 


these equations which can change sign are sin vy and cos v. This 
is important because it is known by calculus that the elements in- 
crease when the right member is positive, and decrease when it is 


negative. 


For the benefit of those interested in the mathematical side of 
the problem, the present paragraph indicates briefly how the six 
equations above are derived The problem of two bod S ex 


pressed by three equations: 


d X k \ 
é 0 
dt 
d?y k f 
= ) 
dt I 
dz k Z 
() 
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They can be completely solved, and their solution defines the 
orbit in terms of the six elements. Now suppose a perturbing 
force introduced, such as a resistance. Then these equations be- 
come: 

ax , x _ dR 


dt” 1 rr 86 6déz 

Ty, & = dR 

dt® sr dy 

Gz , kz __dR 
—— — 

dt 2 dz 


dR dR 


dR , P : 
where : , and , represent the projections of the perturb- 
dx’ dy dz : 


ing force on the x, y and z axes respectively. The last three equa- 
tions in the present instance and in general,can not be completely 
solved. But by considering the constants found in the simple 
problem of two bodies not as constants but as functions of the 
time, Lagrange has shown the eflect of the perturbing force upon 
them. Jacobi has deduced the same results, but ina different 
manner. The six equations given above are derived by Jacobi's 
method for the particular case of a resisting medium. This 
method of solution in general, is called the method of variation 
of constants.* 

Consider first the variations of the elements and ., which de- 
fine the position of the orbit plane in space. The resisting force 
is always directly opposed to motion; that is, it acts along the 
tangent to the ellipse at the point where tlie body happens to be, 
and in the direction opposite to that of the body’s movement. 
The tangent and the force directed along it are always in the 
plane of motion, and for this reason the position of the plane 
cannot be altered. jand v are therefore constant as indicated by 
their equations, and the orbit plane remains stationary in space. 

It will be observed that the element increases when the right 
member of the equation expressing its variation is positive, and 
decreases when it is negative. Since eis less than unity, the ex- 


, dw. ; i , 
pression for is negative when v varies from O to z in the first 
dt 
hall-revolution, and positive in the second half where v varies 


from 7 to 27; and to each negative value corresponds a positive 
value of the same magnitude. The longitude of perihelion there- 


* See Tisserand's Mécanique Céleste, Vol. I, Ch VIL and IX. 
Nore —We have not yet received Gur partial differential sigus.—Ep. 
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fore, first decreases, and then increases by exactly the same 
amount. In the same way it may be shown that ¢, the longitude 
of the mean epoch, has a periodic variation with a period of one 
revolution. Interpreted geometrically these statements mean 
that the direction of the major-axis, and the mean epoch, oscil- 
late slightly about their average positions in the orbit plane, the 
period of oscillation being one revolution 


The variations of the four elements so far considered have been 


either zero or periodic. But those of a and e, the major-axis and 
eccentricity, are of the second kind, that is, secular. For the 
da 
dt 


on account of the term involving cos v, it repeats the same val- 


major-axis the deduction is simple. is always negative, and 


ues in successive revolutions. Hence a constantly diminishes in 
length and, strange to say, by the same amount in each revolu- 
tion. 

Two other quantities, which are dependent upon a, are affected 
by its variation; namely, the mean angular velocity nm, and the 
period P. From the theory of elliptic motion they are expressed 


in terms of a by the two equations: 


n 
) . 
om al 
pP ; 
where k is a constant As a decreas le me angular velocity 
increases, and the period decreases. In other words the resist- 
ance has the curious efiect of shortening the time of revolution. 
Similarly the latus rectum, which depends upon both a and e, di- 
minishes. It is expressed as follows 
pP el l ¢ 


But the diminution is net in proportion to that of a. If it were, 
the successive orbits would be similar ellipses, each one a little 
smaller than the preceding. The discussion of e shows that this 


is not the case. 


_ P de. a ; 
Phe expression for / involves the same quantities which ap- 
dt ; 


pear in that for the major-axis, but there is also in the numerator 
a factor (cos v +e) which is positive or negative according to 
the value of v. The eccentricity, therefore, sometimes increases 
and sometimes diminishes, so that it is impossible to tell without 
further consideration whether on the whole e is augmented or the 
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opposite. The same equation developed farther gives place to 
the following : 


1 
5 Ai) at 


de = — 2h’ (A,e 


where Oe represents the variation of e; h’ is a constant, and t is 
the time during which e varies. A, and A, represent integrals 
which are positive when p> | and q > 2, p and q being the same 
which appear in the formula for the resistance. It is certain that 
the resistance must depend upon higher powers of V and r than 
the first and second, so that it is safe to say that the eccentricity 
always decreases. The eccentricity for an ellipse is less than 
unity, and as it approaches zero the ellipse becomes more and 
more nearly a circle. It is at once apparent that resistance tends 
to transform an elliptical orbit into a circular one. 

All these results may be summed in a few words. (1) The re- 
sisting medium does not affect the position of the orbit plane; (2) 
the direction of the major-axis, and the mean epoch oscillate 
slightly during each revolution; and (3) the major-axis and ec- 
centricity decrease continually. Suppose at any instant the re- 
sisting medium removed, and the body moving undisturbed in an 
elliptical orbit. Then the discussion shows that if the same con- 
ditions be repeated at any succeeding instant, the body will be 
moving in an ellipse more nearly circular, with a shorter major- 
axis and period. The actual path through the resisting medium 
is a spiral, at first elliptical, then becoming more nearly circular 
and centering at the Sun. The angular motion of the body is 
like that of a stone at the end of a string which winds about a 
stick held in the hand. During the first few revolutions while the 
string is long, the stone moves slowly; but as the string winds 
up, the stone approaches the stick and its motion becomes very 
rapid. 

So far the results have been purely qualitative, not quantita- 
tive. The inclination and longitude of tne node do not vary, 
and the longitudes of perihelion and of the mean epoch only peri- 
odically, so that the amounts of the variations of these four are 
of no interest. The calculation of the variation of a and e is 
comparatively simple in the case of the planets, where the eccen- 
tricity is small and its second power may be neglected. By de- 

- , : 5. GR qe. 
veloping the right members of the equation for Ai and dt to 
Fourier series, integrating, and neglecting e’, two very compact 
expressions are found, namely 
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da oi 
= —2h’nt 
a 
de — — h’nt (p+ q—l1)e 
where 6a and ¢e represent the variations in the elements, and t is 
the time during which the variations were developed, h’ is defined 
by the following equation: 


si 
m P 
p* 
P is the latus rectum. From these two relations the perturba- 
tions of the planets can be calculated when the density of the re- 
sisting medium is known. mand Pare very large as compared 
with Sand k so that in each case the variation must be very 
small, unless the period of time is very great 
For the comets it is found convenient to use two other quanti- 
ties, n the mean angular velocity and an angle 9g, instead of a 
ande. is defined by the equation: 


e sin @ 


By a similar process of developement and integration equations 
for these quantities are found as follows: 


én 3h’ 
= — ie Ch +e) + Ae ae 
n cos’ Pp 
h’ 
Op — [2A e+ Ai ai 
COS Pp 
or by combining these two 
on 3830p 
- E, 
n cos W 
COS Gg on 
Hyg = -- 3 


where H,,, is evidently a function of A, and A,. When pand qare 
given H,,, can be determined, and curiously enough it is found to 
be practically a constant, with a value between 0.9 and 1.0. The 
right member of this equation should be a const: 


int for any body, 
planet or comet 

Encke’s comet showed irregularities in movement like those 
above described, but with the remarkable difference that the vari- 
ations themselves decreased. In the period of years 1819-1865, 
nthe angular velocity, and the eccentricity varied appreciably. 
The function H,, was found to have a value 0.97. But in the 
periods 1865-1871 and 1871-1881, the variations were propor- 
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tionately much less. Tisserand has suggested an explanation in 
the fact that the comet itself changed in size. Another theory is 
that the comet was retarded not by the influence of the ether, but 
by meteoric streams. The latter seems the more probable be- 
cause it allows an explanation of the fact that so far as is known 
no other comets have been retarded in a similar manner. If this 
theory is the true one then the orbits of the other comets are so 
situated that they are not crossed by the orbits of swarms of 
meteors, and consequently they are undisturbed by any resisting 
medium. 

The preceding investigations have all been based upon the as- 
sumption that the solar system is stationary. It is known, how- 
ever, that the Sun is moving through space, and to be strictly 
accurate this movement should be taken into account. When it 
it is introduced the problem is greatly complicated, and thecalcu- 
lations are very long. Expressions have, however, been found 
for mg and e for the valuesp=—landp= 2. They show in 

dt dt ; 

each case that the major axis is constantly diminished; but the 
eccentricity is sometimes decreased and sometimes increased, the 
sign of the variation depending upon the position of the orbit 
with respect to the direction of the Sun’s motion. Special in- 
vestigations would have to be made for the other elements also, 
and it is very probable that the position of the orbit plane in this 
case would not be stationary. The direction of the disturbing 
force is not always along the tangent to the orbit, and not 
always in the orbit-plane 

In conclusion a word may be said with regard to the generality 
of the investigations which have been made. It is true that they 
were based upon an assumed law of resistance, but this law is 
very general because it includes every case where the resistence 
varies directly as some power of the velocity. If the resistence is 
expressed by a series, then the right member of each of equations 
(3) becomes the sum of a number of terms similar to the one 
already involved, but containing different values of pand q. The 
general term, for p and g any numbers, has already been inte- 
grated, so that it is only necessary to apply this result to inte- 
grate the whole expression. In whichever wiv the resistance is 
expressed, the form of the equations allows us to make three 
general statements which hold always if the system is station- 
ary inspace. (1) The position of the orbit plane is unchanged; 
(2) the direction of the major axis, and the mean epoch, cscil- 
late; and (3) the major-axis constantly diminishes. The varia- 
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tion of the eccentricity is secular, but nothing further can be said 
about it until the law of resistence is given. 


These are the results 
which can be called general. 


Further investigation awaits the 
demonstration of some definite law 
THE UNIVERSITY OF CHICAGO 
January 11, 1898. 


THE VARIABLE STAR U PEGASI 


EDWARI 


Much difficulty has been experienced in determining the 
nature of the variations in the light of this star. Mr. Chandler 
states that he at first supposed that it was a star of the Algol 
type having a period of 2°.06 or 2°.07. It 


was then observed 
by Mr. Yendell who confirmed the variability and still regarded 
it as of the Algol type, but with a period of 0°.69. Mr. Chand- 
ler, under date of October 26, 1895, announces in the Astron. 
Journ. 15, p. 181, that the period is 5" 31" 9°.0 which ‘tis prob- 
ably only a moderate fraction of a second in error,” that it is not 
of the Algol type, but that the times of increase and decrease are 
equal. Mr, Yendell (Astron. Journ. 16, p. 78) states that the 
time of increase varies from 1" 28" to 3" 41 Again Mr. Chand- 
ler (Astron. Journ. 16, p. 107) announces that the period is 5° 
32".25, that it is perfectly regular, and that previous discrepan- 
cies are due to a large subjective error amounting to O”.6p, in 
which p is the parallactic angle. The correction for this error 
will sometimes increase and sometimes diminish 
time of minimum by as much as half an hour. 


the observed 
He also states 
that the decrease in light is more rapid than the increase, and, 
referring to the short period variables 7 Aquilae and 6 Cephei 
that ‘‘ we may therefore regard U Pegasi, provisionally, as a type 
of variability distinct from this class of stars, as it evidently is 
from those of the Algol type.”’ 

Owing to these uncertainties it seemed desirable to determine 
the true form of the light curve photometrically, especially as 
such observations are free from the subjective error mentioned 
above, since the images compared are constantly interchanged. 
Assuming the light curve to be constant, it appeared possible to 
determine its form from observations made during a single even- 
ing. Accordingly, measures were made by Mr. O. C. Wendell 
with the polarizing photometer (Astrophys. Journ. II, 89) at- 
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tached to the 15 inch equatorial telescope of the Harvard Col- 
lege Observatory. The results for a single evening, December 28, 
1897, are contained in the annexed table, the first column giving 
the Greenwich Mean Time, and the second the photometric mag- 
nitude found by adding the observed difference in magnitude be- 
tween U Pegasi and the comparison star, + 15°.4916, to 8.90, 
the photometric magnitude of the latter star. These observa- 
tions are also indicated by the crosses in the figure. The third 
column gives the residuals found by subtracting from the magni- 
tude given in the second column that derived graphically from all 
the observations. 


OBSERVATIONS ON DECEMBER 28, 1897. 


G.M.T. Magn. o—C G. M.T. Magn. o—C 
h m h m 
10 26.9 9.63 .00 13 48.7 9.60 ol 
10 34.2 9.56 —.O1 13 58.6 9.67 —.02 
10 42.2 9.52 + .01 14 17.5 9.78 +.04 
10 55-3 9.45 +.02 14 24.5 9.77 +.02 
iI 4-7 9.43 +-.02 14 34.0 9-75 +.02 
II 12.4 9.30 —.02 14 43-0 9.75 -+-.07 
Il 31.3 9.32 Ol 14 50.0 9.05 00 
II 40.0 9-33 +.02 15 7.0 9.56 4 03 
11 48.6 9.30 .00 15 15.0 9.48 oo 
11 55-4 9.27 02 15 21.0 9.42 —.02 
12 25.5 9.30 .00 15 26.8 9.42 00 
12 33-4 9.25 .02 15 33.2 9.42 +.04 
“12 41.2 9.32 t-.O1 15 50.9 9.34 .00 
12 51.1 9.36 +.03 16 3-0 9.37 +-.02 
13 17.4 9.43 +.O1 16 3.3 9-35 +-.01 
13 27.3 9.46 .O1 16 21.2 9.38 +.04 
13 30.9 9.50 f-03 16 29.0 9.34 .0O 


Each observed magnitude is derived from the mean of four sets 
of four settings each, the photometer being reversed between the 
second and third sets, and the positions of the images of thestars 
interchanged after the second setting of each set. The magnitude 
derived from each pair of sets differ on the average of + 0.04 
magn. The average values of this quantity during the seven suc- 
cessive hours of observation were 0.06, 0.03. 0.04, 0.03, 0.04, 
0.04, and 0.04 respectively. As they show no progressive in- 
crease it is evident that the fatigue of the observer did not sensi- 
bly affect the accuracy of the observations. The accuracy is also 
unaffected by the altitude which was only 5°.6 at the end of the 
series. No correction has yet been applied for differential absorp- 
tion, which is small but sensible, although the distance between 
the stars compared is only 15’. The computed probable error of 
four settings from these differences is + 0.024 magn. The aver- 
age value of the residuals in the third column is + 0.017, only 
one being greater than 0.04. 
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It is obvious from an inspection of these observations that the 
star had nearly the same brightness after an interval of 4" 30", 
at first indicating that the variable had this period and not 5" 
31". But later observations showed that the phenomena were 
not quite so simple. Assuming the period 4" 20"it soon appeared 
that the even minima were fainter than the odd. Observations 
continued through even minima on tour nights gave the mini- 
mum brightness of U Pegasi, including errors of observation 9.94 
9.94, 9.92, and 9.85 respectively, while corresponding measures 
of odd minima gave the magnitudes 9.78, 9.78, and 9.75. It 
thus becameevident that the period should be doubled, and plott- 
ing the observations a light curve was formed closely resembling 
that of # Lyrae. The formula J. D. 2413514.6157 + 0° .37478E 
has been adopted which closely represents the observations re- 
cently made and also a few less accordant observations made 
here in 1895. Changing the period by two seconds, to 0° .3748, 
would alter the times of minima in 1895 by about an hour while 
the uncertainty is only a small fraction of this amount. The 
period may, therefore, be assumed to be 8" 59" 41 The magni. 
tude at maximum is 9.30, at primary minimum 9.90, and at 
secondary minimum, 9.75. 


PHOTOMETRIC OBSERVATIONS 
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The above figure represents the observations on a scale such 
that in the ordinates one division corresponds to a tenth of a 
magnitude, and in the abscissas to 30 minutes. All the observa- 
tions made by Mr. Wendell on eight nights are included, none be- 
ing rejected for discordance. In fact, the most discordant set of 
sixteen settings differs from the mean curve by less than a tenth 
of a magnitude. Each dot represents 80 settings, the method of 
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overlapping means, in common use in meteorology, being em- 
ployed. The observations of December 28, as stated above, are 
represented by crosses, each representing the result of sixteen set- 
tings. The total number of settings was 2784 and the entire 
time of observation including rests, about 30 hours. 

If we neglect the difference between the primary and secondary 
minima, reduce the half period to fractions of a day, and multiply 
it by 16 we obtain the product 2¢.99824, or very nearly three 
days. Therefore, the phases recur at nearly the same timesevery 
three days. If we multiply the period 5" 32™ 15° by 13 we ob- 
tain 24 .99948, or very nearly the same quantity. In either case, 
therefore, the phases would recur at the same times every three 
days, but with the second period the interval between successive 
minima would be greater than with the first period in the ratio 
of 16to13_ If then we used the second period we should find 
the observed minima in error by an amount equal to three- 
thirteenths of the hour angle, or expressed in minutes 0".92h, in 
which h is the hour angle expressed in degrees. Since the latitude 
of Cambridge is + 42°.4 and the declination of U Pegasi is + 
15°.4 it follows that when / is small we may write h = 0.61p 
and 0".92h = 0".56p which agrees very nearly with O".6p the 
correction found empirically by Mr. Chandler from his observa- 
’ tions. ‘ The coefficient becomes larger with large hour angles hav- 
ing the values 0.61, 0.74, and 0.91 for h = 15°, 30°, and 45°, re- 
spectively. It, therefore, follows that by the application of the 
correction 0".6p not only were the observed times of minima 
changed in some cases by more than half an hour but an error of 
more thanan hour was introduced into the half period. An arbi- 
trary correction proportional to the parallactic angle is not to be 
recommended, since by assuming different values of the coefficieut, 
very different values of the period will be found. 

From the above discussion it appears that U Pegasi is no long- 
er the variable star having the shortest period known. This 
position appears to be held by the variable w Centauri 19, dis- 
covered by Professor Bailey who finds its period to be 7" 11", 
Although U Pegasi can no longer be regarded as an example of 
that peculiar class of short period variables having a single maxi- 
mum in which the decrease is more rapid than the increase, this 
class is still represented not only by S Antliae, but by @ Centauri 
24, which Professor Bailey finds to decrease twice as rapidly as it 
increases, while w Centauri 45 increases at least five times as fast 
as it diminishes. 

January 14, 1898. 

Harvard College Observatory Circular No. 23. 
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ON THE DEFINITION AND INTENSITY OF A STAR’S IMAGE 
IN THE FIELD OF VIEW OF A PARABOLIC 
REFLECTING TELESCOPE. 


M. SCHAEBERLI 
FoR POPULAR ASTRONOMY. 

In the February number of ‘‘PopuLAR AsTRONOMY”’ Professor 
Wadsworth has two articles which call for a brief reply, since 
silence on my part would be construed to indicate that I consider 
his criticisms sound. 

In the first paper he states, without qualification, that my re- 
sults for the mirror which I call worthless ‘‘ are grossly in error.”’ 
A disinterested consideration of the problem would, I feel sure, 
decide that my view of the case is correct. 

My argument is as follows: If the field of view of such a tele- 
scope, having the angular aperture given on page 508 of this 
journal, is examined with an eye-piece so placed that the focal 
image of a star situated exactly on the optical axis of the parab- 
oloid (of which the mirror’s surface is a part) is central and 
well-defined, all the other star images-in the same field of view 
will be increasingly distorted as the angular distance from the 
optical axis increases. 

By shifting the eye-piece towards, or away from, the mirror some 
of the images will grow less distorted at the expense however of 
the destruction of the focal image and an increased distortion of 
images in certain other parts of the field of view, so that all the 
images will now be practically worthless. 

According to my view of the case there is only one proper posi- 
tion for the eye-piece, and for this one position there will be only 
one point in the field of view which is sensibly free from distor- 
tion. The remainder of the field of view will be distorted toa 
degree indicated by my previous statements, viz: The image of 
a star at an angular distance of 5’ from the optical axis would 
have a radial aberration of about three-quarters of a minute of 
are. 

If an experienced observer were forced to use such an instru- 
ment he would try to bring each star-image to be examined as 
near to the true focal point as possible by moving the whole tele- 
scope*. He would not think of changing the focus for each dis- 

* The slightest deviation of the image from the true focal point would cause 
enormous variations in the intensity of the light of the star’s image. So that 
for this reason alone there would be serious objections against doing ever spec- 
troscopic work with such an instrument. 
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torted image to obtain, in the end, only an image which was still 
greatly distorted though in a somewhat less degree. 

A photograph of the field of view, with the plate included at 
the most favorable angle, would be of no value. Compared with 
the results to be obtained with the ordinary form of mirror I call 
the proposed instrument worthless. Dr. Poor, the investigator 
who is most interested in this form of telescope, is now of the 
same opinion.* It is Professor Wadsworth’s privilege to think 
differently. 

The second paper illustrates very strongly how fallacious cer- 
tain conclusions may be which are drawn from hasty or biased 
examinations of seemingly confirmatory evidence derived from 
actual observations. 

Professor Wadsworth lays great stress upon the fact that Her- 


1 


schel discovered the inner satellite of Saturn when it less 


N Was 
than 10” from the ring.+ Yet Herschel himself states that at the 
time of discovery the riag was barely visible in the 40-foot tele- 
scope. 

To detect Mimas in a four-foot telescope should certainly not 
be called ‘tan observation of extreme delicacy.” 

During the past twenty-five years I have frequently made front- 
view experimental observations on celestial objects with circular 
areas Of parabolic mirrors in which the line drawn from the un- 
distorted, well-defined image to the centre of the reflecting sur- 
face was inclined more than 3° to a normal to the surface at the 
same point; the ratio of focal length to aperture being even less 
than 7 to 1. Nevertheless all these observations were made not 
3° from the optical axis but in the immediate vicinity of this 
axis. 

Being fully aware of Herschel’s great skill in making reflecting 
telescopes and his remarkable powers as an original investigator, 
I do not believe that his observations—or those of his son later 
on—were made between 1° and 2° from the optical axis. From 
my own experience in making parabolic reflectors I feel convinced 
that the immortal Herschel in figuring his great mirror finally 
o»tained by repeated trials a surface for which the optical] center 
was just outside of the edge of his mirror. That it was not long 
before he discovered the fact that the definition was but on a 

* See Astronomical Journal No. 421. 

+ Professor Wadsworth here erroneously assumes that the maximum distor- 
tion as given by my formula represents the size of a disk over which the light is 
uniformly distributed, when in fact the image is a long blurred, wedge-shaped one 
with a drawn out nucleus the brightest point of which is near the vertex of the 
wedge, where only the light trom the central areas of the reflector comes to a 
focus. 
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normal passing through a point in or beyond this edge, can, I 
think, be taken for granted. A star image at the focus of a prop- 
erly constructed front-view telescope will necessarily be free from 
distortion, even when the true focal point is wholly exterior to 
the cylinder of direct rays which go to form the focal image 
Professor Wadsworth’s next effort to prove that my results are 
incorrect is a relerence to his measures of printed star images to 
be found in the published reproductions of the excellent photo- 
graphs of Roberts. Instead of using bright stars (which, aside 
from the inevitable spread of the photographic image, should 
show a distortional effect) he selects faint ones and finds that the 
impressions “more than 1° from the center’’ certainly do not ex 


st 


ceed 5°! What he really measured was in fact nothing more than 
the brightest part (formed by the more central area of the re 
flector) of the distorted star image which alone survived the 
effects of the successive manipulations necessary for transferring 
the image from the telescope to the printed page. 

In A. J. 413 I stated that the star image increases in size along 
a line drawn from the optical centre, that is, the image is wedge 
shaped, the vertex of the wedge being on the side towards the 
optical axis. 


For myself, the images on every full plate of Robert’s valuable 
publication indicate that my theoretical results are correct and I 
feel confident that a disinterested party examining these same 
plates* will come to a like conclusion. 

How greatly the visible extent of the fainter portions of the 
distorted star image may be diminished in the photograph, and 
still more so in a published print, may be gathered from a simple 
practical example. 

The photograph of a comet having a tail several degrees in 
length can be made to vary all the way from a star-like image, 
representing the brightest part of the nucleus, up to an elongated 
area similar in form and general extent to the visual image 

Measures of the character described by Professor Wadsworth 
are plainly not to be considered as final, to say the least. 

“In the case of the parabolic mirror by far the larger propor- 
tion of the light which unites to form an image of a point source, 


comes from the outer portion of the mirror.’’ With this state- 
* The optical center of the plate does not always coincide with the geometri 


cal center. On some of the plates, also, the errors of guiding must be allowed 
for. It is also probable that the mouth of the telescope-tube acts as a diaphragm 
to cut off certain injurious rays greatly inclined to the optical axis; as is the case 
for the Crossly telescope where the radius of the mouth of the tube is less than 
one inch greater than the radius of the mirror. The length of the tube is 16 feet. 
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ment I of course agree; but continuing, Professor Wadsworth 
makes a hasty and wholly erroneous claim * in which he clearly 
implies that the outer zones have the preponderating influence in 
the formation of an image not on the optical axis, and that the 
effect of the inner zones is of a secondary nature. Hesays: ‘To 
attach equal importance to the effect of the inner and outerzones 
in determining the prejudicial effect of aberration is therefore fun- 
damentally wrong.”’ In fact however these outer zones are the 
very ones which tend most to destroy the definition, as I shall 
now demonstrate by means of an experiment (with a sensibly 
perfect paraboloid) which fully confirms the correctness of my 
theoretical results. 

An annular ring having an external diameter of 34 inches and 
an internal diameter of 12 inches was cut from a sheet of heavy 
card board and fastened centrally to the cell of the Crossly reflec- 
tor by means of 4 narrow radiating arms, the ring being within 
half an inch of the mirror’s surface. The telescope was then di- 
rected to Rigel (4 Orionis) and on examining the images of the 
two circles formed either inside or outside of the true focal plane 
I found 1st, that of the several eye-pieces available only one, that 
giving the highest power, gathered the light from the extreme 
outer zone: 2d, The radius of the whole field of view for full 
aperture of the telescope (found by shifting the eye-piece over the 
whole focal plane and noticing the limiting positions of the eye- 
piece) was ‘found to be considerably less than half a degree, on 
account of the small diameter of the mouth of the tube 
which acts as a diaphragm. (The limited size of the diagonal 
mirror also serves to cut off the most injurious of the inclined 
rays.) Now although the amount of light reflected from thezone 
2 inches in width at the circumference of the mirror was actually 
more than twice + as great as the amount reflected from the 12 
inch circle minus the area occulted by the 9-inch flat. Still, forall 
those positions in which the two focal images formed were dis- 
tinctly separated from each other, the one nearer the optical axis 
formed by the central area—was intrinsically very many times 
brighter than the large blurred image (which could not be 
brought to a point by shifting the eye-piece) formed by the outer 
reflecting area. None of the light from the outer area assisted in 


* A fundamental principle of optics is here involved which Professor Wads- 
worth still overlooks even after his attention has been called to the matter. 

+ In the first trial of the annular ring the outer diameter was 34 inches but 
the blurred image of a@ Urs. Min. (the Star used) formed by the outer area was so 
faint and indefinite compared with the bright and fairly well-defined stellar im- 
age formed by the central area that I doubted the width of the outer reflecting 
ring. 
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forming the tairly well-defined stellar image formed by the central 
area, as was readily demonstrated by slowly throwing the eye- 
piece out of focus causing both rings to reappear, each starting 
from its own focal image. 

The companion* to Regel as formed by the central area was 
well seen whenever it was at a sufficient angular distance from 
the blurred image, as the eye-piece (kept near the edge of the 
available field) was brought into different position-angles with 
reference to the optical center of the field. 

About 20’ from the optical axis (at the edge of the available 
field of view for full aperture) the most distant easily visible part 
of the blurred image from the center of the fairly well-defined 
image was plainly farther away than the distance between Rigel 
and its companion; while the seemingly clear space between the 
two images (viz: the distance from the nearest point of the 
blurred image to the center of the small bright one) was about 
one-third of the companion’s distance. 

Calling the companion’s distance 9”, the maximum distortion 
actually observed (only 20’ from the optical axis) was greater 
than 10”; a value in practicalagreement with the result given by 
my formula. 

The phenomena accompanying a displacement of the image 
with reference to the focal point are so marked in this telescope 
that the appearance of a bright star, when it is only about one 
minute of are from the focal point, will indicate the direction of 
the optical axis; and at large angular distances the field of view 
close to the star, but on the side away from the blurred image is 
strikingly free from disturbing rays, owing to the fact that this 
side of the image is formed by only those rays which come from 
a comparatively small central area of the reflector (equivalent to 
a telescope of small angular aperture); so that for full aperture a 
close and moderately faint companion in this region might be 
seen even better than if the images were nearer the optical axis. 

The observed distribution of light in the distorted image for 
full aperture is sensibly in agreement with that given by the geo- 
metrical theory. If the actual intensity of the light at any given 
point of the image should be required with extreme rigor, it 
would be necessary to consider the principles of the wave-theory 
in connection with the geometrical treatment. 

In this telescope, at a distance of 30’ from the optical axis (and 

* The blurred image of the companion could not be recognized even in the 
most favorable position. So far,therefore, as the visual observation alone wus con- 


cerned, the action of the central area was almost aninfinite number of times more 
effective than that due to reflection from the outer ring having twice the area. 
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without a diaphragm of any kind) it is certain that more than 
two-thirds of all the stellar light coming from the whole mirror 
is thrown into a most harmful blurred area, and that less than 
one-third of the total light goes to form the image which can be 
said to represent the star, and this image is formed only by the 
light reflected from the central area of the mirror. 

Aside from the harmful effects of the blurring, the intensity of 
a star image as measured by the effective aperture (without a 
diaphragm) of a parabolic reflector may be said to decrease as 
the angular distance from the optical axis increases. 

Sensihly perfect definition and maximum intensity of the image, 
for full aperture, is only to be obtained exactly at the focal point. 

For very large angular apertures a slight deviation from the 
true focal point becomes sensibly apparent. 

In ccnclusion I desire to state that my approximate expression 
for the blurring factor is derived directly from a theoretically rig- 
orous formula (see Astronomical Journal No. 423) depending 
upon the laws of geometrical optics. 

Feb. 15, 1898, 

Lick OBSERVATORY, University of California, 
Mount Hamilton, Cal. 


ON THE ABERRATION OF PARABOLIC MIRRORS. 
J. M. SCHAEBERLE. 


“In his article in A. J. 420, Dr. Poor makes some statements 
which call for remarks from myself. 

First, to make plain that which is ‘‘obscure’”’ in my formulas, 
let what I have elsewhere called the blurring factor be given by 
the expression, 

1 Dist. from focus to farthest point of image 

(1) Dist. trom tocus to nearest point of image 
all distances being measured in the focal plane. Using my own 
notation, A. J. 413, we can at once write the rigorous equations. 


(2) Greatest distance = p tan 64 sec (vu + @) 
(3) Least distance = F tan 6 


Consequently, 


‘ ' 1 
(4) Blurring factor = , sec (U + 6) = 


a 
cos (u+ @) cos’ 5v 
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When 4 is small we can write, in place of the theoretically 
rigorous expression (4), the approximate equation 


1 


(5) Blurring factor 
cos UCcOSsS 1 
which, for the ordinary purpose of illustrating the magnitude o 


the errors to which I have called attention, is sufficiently approxi- 


mate. 

To show how slight the difference is between the results given 
by my rigorous and approximate formulas, even for large values 
of 4, I have, as an example, computed the following values of the 
angular amount of the blurring for different ratios of focal lengt 
to aperture, for 4 = 30’. 

f Focal 
1 to A I 
5 Is.] 
. ' 
10 $1.3 
14 4 
is I I 
‘ ' 


Dr. Poor is in error when he assumes that his formulas (which 
havedoubtless been derived since the publication of my investiga- 
tion in A.J. 413) are general and exact; they are exact only for 
the single special case of aberration in the plane containing the 
optical axis and the point whose image is under consideration 
In like manner my simple rigorous formula (4) gives only the 
aberration along a line drawn in the focal plane trom the focal 
point. 

The aberrations in other directions are always less, reaching a 


minimum, both in the spherical field and focal plane, in a direc 


tion at right angles to 2 line drawn from the image to a focal 
point. 

Dr. Poor is therefore in error in his “Copelusion’’ when he states 
that ‘‘The image of a faint star situated at an angle a from the 


center of the field will be a disk whose diameter is y,”’ etc.; for his 
y is simply the maximum length of the elongated star-image, 
whose form, even in the spherical field, is more nearly linear than 
it is circular. 

As to the method of derivation of my formulas I wish to say 
that, as the photographic plate for a symmetrical reflector must 
be normal to the optical axis, and also contain the focal point, it 
seemed to me superfluous to first deal with the blurred and dis- 
torted image in the spherical field 











4.0 On Newton’s Law of Gravitation. 


The extreme simplicity of formula (4), which is derived directly 
by considering only intersections with the focal plane, is only 
rivaled by its theoretical exactness.’’-—Astronomical Journal, No. 
423. ; 

Lick OBSERVATORY, University of California. 

Mount Hamilton, Cal. 


ON NEWTON’S LAW OF GRAVITATION.* 


PROFESSOR H. SEELIGER. 


For POPULAR ASTRONOMY 
Il. 

As was above stated, I pass here, to the more detailed consid- 
eration of the question, whether the number of luminous bodies 
in the universe is also to be regarded as infinitely great, and 
what conclusions as to the brightness of the celestial vault, are 
connected with the question. We have to do essentially, with a 
subject which Olbers discussed in a well-known and oft-cited 
pamphlet.+ 

Olbers says in another place: ‘‘If suns be present in infinite 
space, whether located at approximately equal distances trom 
each other or distributed throughout space in galactic systems, 
their masses will nevertheless be infinite and therefore, the entire 
celestial vault would be as bright as the Sun, for every line which 
I conceive drawn outward from my eye would necessarily strike 
a fixed star, and then every point on the sky must send to us stel- 
lar light, or what is the same thing, sunlight.” 

Similar considerations were also announced much earlier by 
the Lausanne astronomer, L. de Cheseux, as W. Struvey+ has 
pointed out. 

Olbers’ course of reasoning is the following: If the assumption 
of the existence of infinitely numerous shining cosmic bodies be 
granted, and this assumption is just as little to be doubted as the 
inference following from it, that light, transmitted through space, 
suffers a loss of intensity, 7. e. that an absorpsion of light exists 
in space, similar to that which the most transparent media exer- 
cise, all difficulties will be removed. 

On the other hand, this assumption certainly cannot be granted 
as a necessity, perhaps not even as a plausible hypothesis. 
~ * Continued from page 551. 


+ Ueber die Durchsichtigkeit des Weltraums. Ast. Jahrbuch for 1826. Olbers’ 
Works, Vol. I, p. 133-144. 
¢ Etudés d’Astronomie stellaire p. 34. 
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As has been already remarked, the mass contained in the uni- 
verse, which exerts the force of gravitation, cannot be identified 
with the self-luminous part of the same, at least not without in- 
quiry; and even if we are disposed to regard the former as infi- 
nitely great, it by no means follows from this alone that the 
same holds for one of its parts. 

Let us first derive the expression for the average superficial 
brightness of the celestial sphere. This expression results quite 
easily from considerations, I have worked out for a more com- 
plicated case.* Let dé denote a self-luminous element of surface 
situated anywhere in space and dq’, the quantity of light it sends 
out to the observer, if its light be unobstructed and its inclina- 
tion to the sight-line be 90 degrees. This element may however, 
be wholly covered by bodies lying betore it which, for the sake of 
simplicity, will here be considered spheres. In this case the quan- 
tity of light sent to the observer is of course equal to 0. On the 
average the superficial element, dé, will transmit to the observer 
a definite quantity of light, which may be represented by dg and 
we shall have: 

dq dq’ te? 
where @ represents the probability that the element dé is not oc 
culted by any intervening sphere. may therefore, always be 
regarded as a proper fraction characterizing the mean value 
which is sought. Since we may conceive of a finite space bounded 
in any way whatever, let us suppose that in all space P there ex- 
ist N, spheres of radius p,, N, with radius p,, ete. Ny spheres with 
aradius ~,, Let also @,, represent the general probability that 
no occultation occurs through the sphere of radius py, then we 


have @- @, @, ...,. @W 


n 
We may conceive the surface of each luminous sphere composed 
of such elements as de. If then, gm denote the original and un- 
obstructed light of a self-luminous sphere of radius fy, such a 
sphere will send to us on the average, a. quantity of light repre- 
sented by 
(1) g=>qm. @ 


provided p,, be made sufficiently small. If J/m denote the mean 
light intensity (7. e. the quantity of light which the superficial ele- 
ment unity, would send to an observer at distance unity, with its 
surface perpendicular to his sight-line) of a sphere K,,, of radius 
Pm, and further, r denote its distance from the observer, then we 
have: 


* Theorie der Beleuchtung staubf6rmiger Komischer Massen. Abhandlungen 
der Miinchener Akadamie der W. Vol. XVIII, 1893. 
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a aoe Pm 
(2) ’ qm - = Jim -7. r 
Jm might of course, be zero. This would be the case with a 
dark body. @,, is the probability that the center of K,, lies any- 
where within the space P, though not within a right circular 
cylinder, Cy. of radius p,, with an axis extending from the ob- 
server to the body. We may now assume, that cosmic bodies 
are quite sparsely distributed throughout space, a value may 
then be quite easily and accurately assigned to @,. If di denote 
the volumetric element and ¢,, a function of the space coérdi- 
nates, denoting the relative frequency of the occurrence of a 
sphere Ky, in the separate portions of space, we may then 
write 


(3) Om = (1 —— Xm); 


Ven , 4 ” 
ars on { mdr; Zn = { PmdT. 

+m ‘ c. J P 

The integral Y,, is to be extended throughout the cylindrical 
space Cm and Z,, throughout the entire space P. If dw denote 
the opening of a cone whose vertex is at the observer, we shall 

Font 

have: 


Nm 


where ean = 


dt = rdodr, 
Within this element is situated: 
Nim 


> -- Put dwdr 
Lin 


spheres of radius p,,, and the amount of light sent to the ob- 
server will therefore be, 
n 


Yar Pr ' 
(4) me, Nan & + Gu@r'dodr. 
ie oeal Zum 
1 
Integrating now, with respect to r, from r= 0 to r= R, where 
R denotes the limiting radius of the space P, and dividing by da, 
: I & Y} 
we shall obtain the average superficial brightness in a direction 
corresponding to the direction-angle occurring in function Py ». 
We shall also obtain the mean brightness of the entire heavens if 
we integrate ‘(4)’ first with respect to r and then with respect 
to dw over the entire suriace S of the unit sphere and divide the 
result by 47. We have then 








H. Seeliger. 43 


“ 


am 1 . »R 7 N y Pm r 
(1) h —_— ra) de J dr ae Nin ja »>Jm-+ Pm 


1 
et .: re > ii 
(1 An 3th (1—X,)" 
To obtain convenient expressions for computation and which are 
at the same time, accurate enough, we need only consider that 


A ~ Nn Nm Xm : 
Xm is very small, whereupon (1 —X,,) e, and if this 
be introduced into (1) we have 

. N Y; 
n 1 yy 
1 +N, : » *R ? Zm 
(Il) b= sim QO. pm? | do | dr. om Im 
4. —~ (ae = e 


1 

Let us first apply this formula to the simplest case, in which 
there exists a uniform distribution of spheres in space. We have 
then 

Pm 1 and Y/Y, —P; t.4r 

We may assume the space P limited in any desired way, and 
then cause this limit to recede infinitely. Let, for example, a 
sphere of radius R be assumed for P. Therefore: 


Lm — : 7. 


Formula (II) becomes now: 


3 “R a Dun? i r= Nm k La J do, 
“ Yr m . Ss 
b=~. on SS 
4°97, eal K 
1 
The average superficial brightness J of the spheres, may, be de- 
fined by 


tL « >No Pm? J, 
J ie J ~~ a hn 
Consequently, we obtain, 
r , 
3 pR > Nn Pa a ies 
h : 1 J 7 ae. R e 

If now we put, 

a So a ; 

—T > Nm Pm = Xx: > Nm ( l 

Lk ie hae NR 


we have finally: 
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_ es 


m. 
(5) h= f J. dx. 


Introducing now, a mean radius p,, where 
p — = m Pm” 

s = Nm Pu’ 

and /, will lie between the greatest and the least values of py. 
Let the sum of the volumes of the spheres contained in the space 
P, be designated by K, then 


K_1 p, 
Fr fs 


. T . Ty Pm ? 
Ss ce 8 , 
= Nm Pm ~~ » — 2¥m (4) 
and for simplicity, we may put 


cant 7. '. R 
L\=5 (> <_—  -« 5: 


If we assume, as was done in the first part of this paper that 
the matter in the universe is distributed in such fashion as to 
have finite, though arbitrarily small, density, then K/P is finite 
and T may be made as great as desired by increasing R. J’ must 
then, for the entire universe, be put equal to infinity. If J were 
independent of A, A would equal J and in this hypothesis, the es- 
sence of Olber’s result is contained. For the general case, a simi- 
lar reduction may also be performed. If J,, denote the mean 


yalue of the individual J,,’s, in the direction @, 


4 
NON’ a 
_ Nm Pm Im Ym - Z 
— mn 
lea = 
1 
» az 2 a. 
aNa Pm’ Ym - Z 
“m 


then according to (II) 


Y 
1 R 1 ~ ( =Nm a). 
= 4 J F aia j drJo. (> Nim Pm? ?m 7) m3 


0 4m 
and with precisely the same degree of precision as holds for equa- 
tion (I), we may put; 


” . wr 
} m—Pm 7. j mar. 
ev 0 


Making 


. — -— a : , om R 
z=2.2 Nm Pm” . f ¢mdr; I= 22Nm Pm . _* { ¢mdr, 
Zm Jo “im. 


0 
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we have 


—_ = 


 < I . 
(IIT) h =o ie j Ja-€ . dx 


It will perhaps be clearer here to give the mean superficial 
brightness h,, in a definite direction; 


a —3} 
(IIIa) ho = la -@ dx. 


This is precisely formula (5). In this general case it may also 
be shown that /'increases indefinitely with R, if the matter dis- 
tributed uniformly in the chosen direction has a finite density. 

The number v., of spheres K,, in the volumetric unit is 

Nin ¢m 
m te ° 

If ‘‘n’’ be the entire number of spheres within the volumetric 

unit, and hence 


N=, Piss TM 


and if p, denote the mean value of all the p,,’s, we may put 
1 


SAT _ . S., "eons 2 
- NmPm Ym - =—VmPm np ,. 


y Sie 


We have also 
; »R ' 
ie np,*dr. 


If now, we denote the arithmetical mean by M (np?), we have 
"= «RM (np). 


From this formula results immediately the proposition stated 
above. 

It is impossible to obtain h from observation, to any high de- 
gree of approximation. Since furthermore, J,, can assume only 
finite values, we may represent the observed H,, in finite values of 
I’ as accurately as may be desired. 

What is here said of the brightness of the celestial vault, holds 
even more generally. By virtue of perspective occultations of the 
cosmic bodies, only a finite portion of space will be accessible to 
our perception and its dimensions will in fact, be materially lim- 
ited by the masses of nebulz which seem to surround us on all 
sides and limit the scope of vision. 

We know as yet so littleconcerning the distribution of the stars 
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in space that we may use formula (5), which is of the same form 
as (Illa) and obtain from an example, an idea of the possible nu- 
merical values involved. 

Let us first consider Olber’s question of the absorption of light 
in space. This may be done, as is at once evident, by putting 
into the formula J,, .e—", instead of Jm, where \ denotes the hy- 
pothetical co-efficient of absorption. Formula (5) then becomes 


(6) h ‘3 } J-¢ _ dr. 


7 

= 4. P 
i SP Para 
Ap, +- . 


oe 


The numerical reduction of (7) can be made only quite roughly 
and upon hypotheses more or less arbitrary; because of our total 
ignorance of the mean values of the light-intensity, magnitudes, 
and distances of even those cosmic bodies nearest us. Wecan, in 
point of fact, do nothing more than ascertain the orders of mag- 
nitude of our various quantities. We shall take as our unit dis- 
tance, the distance of a star whose parallax is 0”.2 and for brev- 
ity, this unit will be called ‘‘ Sirius-distance.’’ The mean parallax 
of stars of the 6th magnitude will be taken at its usual value of 
0”.02. Within this value of Rk, there are said to be 6,000 stars 
distributed with a close approach to uniformity. p, will be taken 
as double the solar diameter. To this distance we have then 

3K 


Pe 


— 24 
3.10 


The absorption of light at the Sirius-distance may be taken as 
0.1%. AlsoA =10-§8; p 0.9 X 10-5; Ap, = 0.9 X 10-11, 
If now, the same uniform density of distribution of the cosmic 
bodies of the entire universe be assumed, then according to (7) 


a=) .3.3 X 10 


13 


The surface brightness of the Moon is about 1 600000 that of 
the Sun. The brightness of the background of the sky at full 
Moon is according to Olbers,* about 1/100000 of that of full 


* Olber’s Works, p. 139. 
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Moon. This datum I am unable to check. If Jy denote this 
brightness and if we put J= y . J, where J, is the solar brightness, 
we find . 
h ——. Ja (8) 
JU 

At all events, this example shows that absorption suffices to 
explain the low mean brightness of the sky and this is true, even 
if the number of luminous masses grows indefinitely, with the 
portion of space enclosed. This however, can occur only when 
the co-efficient of absorption exceeds a certain magnitude, for ac- 
cording to (7), f is small with respect to J only when Ap, is very 
great as compared with 34. 4P. Furthermore, it is clear, that 
the assumption of an absorption is not necessary, for the same 
conclusion is reached if a certain mean value of J does not exceed 


a definte small value. Considering formula (5), we have 
b= ( J .e ' dx, 

and we can make / small by various hypotheses concerning /. 
The simplest of these cases is that J is on the average very small. 
This would mean simply that every where in space, many dark or 
few bright bodies exist, in which case, very extended regions, 
either in our own neighborhood or in other parts of the universe 
might be excluded. With the above numerical values, there would 
result for example, for the brightness of the celestial vault, if to 
this brightness, all cosmic bodies to r’ Sirius-distances, the as- 


sumed density of distribution contribute; 


= 10 x; 


h j J.e az; x 


If J be constant and ris not too great, we have 
h mom 10>? .¢.7 


If rbe put equal to 1000, we obtain the numerical values of 
(8). From such reflections as these, it follows, that we need only 
assume the light-intensity of cosmic bodies to be on the average, 
even with enormous distances, very small. This latter assump- 
tion holds also for finite distances, for by reason of the factor 


e *, itis of no consequence what form the mean light-intensity 
may have for very large values of r. Assumptions of this sort 
seem to me to be not only entirely permissible, but even preferable 
to any others. 
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The time during which a fixed star may be in such condition as 
to emit rays both visually and photographically effective, must 
be regarded as extraordinarily short compared with the interval 
during which it does not possess this capability. If cosmic bod- 
ies in the most varied stages of development are distributed 
throughout'space after the law of chance, their mean brightness in 
all parts of space would necessarily be very low. But itisa matter 
of serious doubt, whether the hypothesis of accidental distribution 
is tenable. Nevertheless, it isnot to beoverlooked that this lumin- 
ous intensity at any stated epoch, even on the assumption of a con- 
temperaneous beginning of the developmental process, must de- 
pefid very essentially upon the size, power of heat conduction, 
and other physical characteristics of the individual bodies. 
Among these physical peculiarities must of course, be included 
such facts as, that smaller bodies cool in general, more quickly 
than larger. Many facts of experience indeed. indicate that large 
bodies relatively near us, shine with very different intensities. 
Even for those portions of space near us, there is substantially 
no objection whatever to the belief that the number of dark stars 
far exceeds that of the bright. But even this assumption is far 
from necessary. The stage of development attained by any cos- 
mic body is a function of both time and place. The different por- 
tions of space will accordingly, at any definite instant, be in very 
different conditions of growth, and from what has been said in 
the foregoing, we must assume, that by far the larger number of 
these conditions are not favorable to luminosity. 

We must also consider the light-time 7. e. the time consumed by 
light in making the journey from the bodies of space to us. For 
very distant regions then, these intervals of time must be consid- 
ered in the problem of cosmic development. It is however, easy 
to see that the conclusions of the foregoing arguments are, in no 
material respect to be modified. 

But in whatever way these considerations may be followed out 
or altered in their details, it must at any rate, follow from them, 
that the fact of the low general brightness of the sky does not 
necessarily indicate the existence of an absorption of light in the 
sense in which Olbers argued for it. 

(CONCLUDED). 
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THE CONSTELLATIONS AT 9 P.M., Mat 1, 1898 
ee : 
1 I 1 ne with the Sun to be 


vening planet but will be 
March 26th, at 8 a. mM. Central standard time 


ition Pisces, Mercury be 


Venus is now « 
easily seen during this month. 
Venus and Mercury will be in conjunction in the ¢ 
ing a litttle over a degree north of Venus at that time 


Mars is yet pretty close to the Sun to be seen wel It is moving northeast- 
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ward from Capricorn into Aquarius (see chart p. 494 Jan. 1898) and is visible 
only a little while in the morning. 

Jupiter may be seen toward the eastern horizon about 8 p. M., but one will 
have to wait until about midnight for good views of the planet. For the course 
of Jupiter among the stars see the chart on page 494 in the January number of 
PopuLar ASTRONOMY. No reports of observations of the planet this year have 
reached us, yet doubtless many have begun systematic work in studying the 
markings of the planet and the phenomena of the satellites. 
opposition March 25. 


Jupiter will be at 


Saturn may be observed in the morning, being near the meridian at 5 o'clock. 
His declination is 20° 26’ south, so that his altitude is tow, even when on the 
meridian, and no very fine views may be expected by northern observers. Still, 
since the rings are opened to nearly their greatest width, the observer will obtain 
a great deal of satisfaction from the study of the planet. Saturn is in the con- 
stellation Scorpio about 7° northeast of the red star Antares. The planet will 
be at quadrature 90° west of the Sun, on the morning of March 2. 

Uranus was at quadrature 90° west from the Sun, April 21, and may be 
found in the same constellation with Saturn, about 160° west from the latter, near 
the star 6 Scorpionis. Its dull green dise can readily be recognized with a tele- 
scope of moderate power. 

Neptune will be at quadrature, 90° east from the Sun, March 10, and so is 
best observed early in the evening. It is to be found about 4° west from the star 
£ Tauri, among the telescopic stars west of Omicron Tauri. 

Sunspots.—Another great disturbance of the solar surface came into view 
between Feb. 7 and 12. On the 12th, 15th and 17th this group contained 3 
large and many small spots. Feb. 21 this group had disappeared by rotation, 
but another considerable group, first seen Feb. 15, was near the center of the Sun’s 
disc. : 


A Few Facts About the Recent Sunspot.—The recent large sunspot 
was chiefly remarkable as a reaction after a period of quiescence that has not 
been equalled in more than six years past. For two weeks in October and for 
twelve davs in November last not a single spot was visible in a four-inch lens. 
Between these periods of unspottedness and also afterwards an occasional mark- 
ing appeared, but until Dec. 6th they were insignificant in size, faint in tint, and 
of short duration. 

On the morring of that date a large group was inside the northeast limb, and 
became visible to the naked eye in a few days when the view was less foreshort- 
ened. Though large for this period so near the minimum of solar disturbance, it 
was far surpassed by the enormous sunspots of Feb. 4th 1892, and of August 
5th, 1893 and even by several of lesser size that appeared before and since those 
dates. Among them may be mentioned those of August 1895, of Feb. and of 
September 1896, and of January 1897. In these the components were more com- 
pact, whereas the recent group distributed over an area more than 150,000 miles 
in length had immense tracts of white surface intervening. The chief component 
.000 miles in diameter and a few were only penumbral markings. 
When central it extended from 8 degrees to 15 degrees heliographic latitude 
north, which is one of the most prolific of sunspot zones. 


was about 27 


The drawings show 
the changes that took place when near the centre of the disc. From the 13th it 
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commenced to diminish in size, and in a four-inch tel t was not discern- 
able after the 18th inst. when it was close to the west 
San Francisco, Dec. 30th. SE O’HALLORAN 


Occultation of the Pleiades January 30th, 1898.—The oceultatio 


of some stars in the group of the Pleiades was we ere on Jani 
30th ult. The sky was perfectly clear and atmospl ' © lite good 
The following are the observed times of immersi sor of the bri tet 

stars in Central Standard Time 

star 

Electra ..... ; ore ) S Q 

CEIGORM .sicsccssiscen ind ) *| 17 

Taygeta, not occulted, passed just above 

the Moon's edge 
SS eae pt cake ; & 9 


Merope just cleared edge of limb 





Triangle of small stars npan s 
Alevone 
ere I ) 10 
i cc crencasenaatutextseies 11 l 11 
idiaiie yeneny eee 11 ; 28 
lcyone. 11 1g iG 
Instrument used, +-inch telescope. AVID E. HADDEN 


Alta, lowa. 
Lat. +. 49 10)’ ) 


Long. G* 215 


The Leonids.—Probably on account of the presence of the gibbous Moon 
which glided nearer and nearer each night to the radiant point the Leonids were 
not seen in unusual numbers in last November. During prolonged watches on 
successive nights they were only one fourth the number counted at the same hours 
of the night and morning in November 1896. The inference is that only those of 
sufficient size to outshine the atmospheric radiance were visible, the smallet 
bodies, which may have appeared in unusual numbers, passing unnoticed. Of 
those seen, several left lingering trains of luminosity, and a few accounts have 


come of a detonating meteor of great brilliancy passing over this city on the 


morning of Nov. 16th. ROSE O'HALLORAN. 


Dec. 30. 


The Leonid Display, 1897.—Cloudy weather interfered with observa 


tions of the meteoric shower of Leonids on November 13t 


ind 14th Our town 

night watchman reported to me that on November 15th at about 4:00 a. M. a 

fine display of shooting stars was observed in the vicinity of Leo, lasting about 

half an hour. AVID K. Bape. 
Alta, Iowa, Feb. 14, 1898. 


The Moon. 





Phases ses Sets 
Cent St rdt t thfield 
I e1 es 
h h 
Mar. 8 Full Moon.. wan 6 SRP. w a ee 
te ee 2 iG A. M. 10 44 * 
BD TRE Be ivvciccnsininsicscaner 5 66 * 7 18P.M. 


$0 First Quarcter.......:6.0..: a8 9 “ 2 12a. 














Date 
1898. 


Mar. 3 

4. 
10 
25 
26 
26 
26 


ALG( 

d 

Apr. 10 
13 


16 





Variable Stars. 


Occultations Visible at Washington. 


Star's 
Name 


85 Geminort 
6 Cancri 
75 Virginis} 
é Arietis 
27 Tauri 
26 Tauri 
28 Tauri 


IMMERSION. 


Magni 


Wash 

tude ton M 
h 
im 6.0 15 
5.7 5 
6.0 Ss 
1.6 6 
1.0 | 
7.0 \ 
6.2 1 


ing- 
1 
m 


Angle 
f’'m N pt. ton M. 

ni h 
158 15 
61 6 
90 9 
161 6 
82 5 
130 5 
63 5 


VARIABLE STARS. 


J. A 


PARKHURST. 


EMERSION. 
W ashing- 


Minima of the Variable Stars of the Algol Type 


[Given 


L. 


U CEPHEI. 


Apr. 1 
6 

11 

16 

21 


26 


R CANIS Mayjoris 


Every St 
> i 


h min. 
14 
16 
18 


S CANCRI. 


Apr. 3 


x 


to the nearest he 


S VELORUM 


‘ h 
Apr. 6 7 
LIBRAE 
Apt 5 11 
7 19 
22 10 
19 10 
21 1s 
26 10 
Ss 17 


U CORONA 


Api 6 14 
13 11 
16 22 
20 
23 20 
30 18 


sur in 


1898 


Green wicl 


U OPHIUCHI 


d h 
Every 10th min 
P 20".1 
Apr. 5 5 
13 14 
ae 0 
30 y 


RS SAGI: TARIIL. 


Apr. 2 22 
7 18 
k2 14 
19 20 
24 16 


1 Mean Time. ] 


Angle Dura- 
f'm N pt. tion. 
° h m 
246 O 38 
334 0 53 
326 0 50 
177 0 11 
257 1 30 
208 ) 57 
276 : oe 
Y CYGNI. 

d h 

Even minima. 

Apr. 2 14 

5 14 

Ss 13 

11 13 

14 13 

re 13 

20 13 

23 13 

26 13 

29 13 


Odd minim¢ 


1. 
Apr. 3 es 
6 ea 
9 7 
12 17 
15 ag 
1s iz 
21 17 
24 17 
27 16 
30 16 


The ephemeris of the Algol stars is based on the elements given in Chandler’s 


Third Catalogue, except that for Y Cygni I have used Duner’s revised elements, 


given in Astronomische Nachrichten No, 3467. 


The times are taken from Hart- 


wig's ephemeris in the Vierteljahrsschrift, except for S Velorum and RS Sagittarii, 


which Hartwig does not give, and Y Cygmni. 


The long period variables are taken 
from Dr. Chandler’s ephemeris in Astronomical Journal No. 420. 
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Maxima and Minima of Long Period Variables. 
LSO8. 
From Dr. S.C. Chandler’s ephemeris 1 e 
MAXIMA \ 
lag \ . 
S Lucana 8.5 29 : 
C Sculptoris : 1 
U ¢ S10] 8.5 13 ) 
VA ymeda 8 15 1 
Ix et ~ } 1 
V Pours ‘ 25 
| ¥ Ss > oD 13 
1557 S U1 iE 1.5 
917% RS Virginis S 10 11 2 
DOSS X | t ».& l 1 
9675 oro! rf 9g 
5795 WS 1 1 10.5 24 
830 KR Scorpu 10 7 
6062 RR Scorpii 7 14 
69el iril ae) 20) 
7120 yCvygn ) | . 
T444 ie 1 ’ ri | 
7450 V Aquarii ~ 20) 
7456 RR Cygni S 1G 
8324 V Cass 7.5 19 2 
S Sculptoris 1.5 12 1 
S Cassiopea ~ 13 ri ; - 
t Aries Ss ) | 11 
1805 V Orionis 8.5 28 2445 lt 
1944 S Orionis 9 10 54.95 
3069 U Caneri 9.5 22 i l 
3637 S Carine 6 »g 152 10 23 
1260 W Centauri 85 eI ] 
$4948 R Canum Ven 6.5 o%6 12 12 
5037 RR Virginis 11 17 { l 
5617 U Libra 8) l 
5704 RR Libra &.5 ) ra l 
5831 scorpi 10) 17 i 
6682 Ophiuel 7 6 ) I 


7212 Aqui] ) As) 
7260 Z Aquila ) 7 ) 
T458 V Delp i ) 12 i - 
T560 R rip s 1d 
T9O94 Ix is ans 8.5 A 
NEW EDITION OF TH JUR 
py ( f t ’ { ‘ 
bids tair so t | ew 
house of A. M | Veb it B ( 
ders tor 100 sets at 70 marks each (al 1 
1898. 1 sets comprises +0 charts each 1 
with a preface containiny all t correcti s kt ( 
The charts cover the sky from the north p ‘ } 


most ind spensable to ol servers oO! 
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be sent promptly to the publishers, so that the new edition may appear without 
delay. 


MAXIMA OBSERVED BY Mr. ZACCHEUS DANIEL, AT HAWTHORN, PENN. 


m 
3825 R Ursae Majoris, 1897 Nov. 22, 7.3 9 observations 
6549 W Lyrae Oct. 20, 82 7 
5190 R Camelopardalis Nov. 15, 7.8 19 a 


The light curve for R Camelopardalis is given herewith. The date of maximum is 
25 days later than Chandler's revised elements, but the star is known to be 


‘somewhat irregular.” 








Nag. 
/ 





















































¢ ll 
4. - ae 
T . ee \. 
| » 
et, Se, oe: So oy a ee = 
7792 SS Cvgni. Following are 26 observations covering the last maximum, 


by Daniel, Sperra and Parkhurst 


Gr. time n Gr. time n 
1898S) Jan 5 50 14:30 P Jan. 26.50 8.93 P 
S.48 iG RE: I) 27.54 9.00 P 
16.50 11.0 % 29.51 90 I) 
17.50 S65 D 29.52 9.00 P 
17.53 $8.90 P 31.50 9 54 P 
18.50 S.7 D Feb. 1.54 9.9 D 
18 50 ie S 950 10.36 P 
18 52 8.80 P 2.50 10 4 D 
19.00 S68 P 2.96 10.7 D 
20 50 858 P 3.0 11 Ss 
23.50 &.90 P 3.52 10.80 FP 
24.5 8.7 Ss 3.97 13.2 D 
24.52 8.7 D §.52 1.85 FP 


Therise was at the rate of at least 0.09™ per hour and the star passed the 
9.5™ Jan. 17.2, remaining above the 9th magnitude 11 days, and above normal 
19 days.” A smooth curve gives a maximum Jan, 20.5, at 8.6™. 

In the last number of the Vierteyahrsschrift Dr. Hartwig deduces from the 
maxima of the year 1897 a mean period of 63 days, but to obtain this he has 
overlookedjthe maximum of April, and counted the two adjacent intervals as 
one, thus getting a mean period 10 days too long. The April maximum was ob- 
served at the Harvard College Observatory and by Mr. Sperra. 
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2815 U GEMINORUM passed a maximum about Feb. 3 or 4, just as the 


moon, nearly full, was so near as to make observations very difficult However 


this is the fifth consecutive maximum about which there is no doubt. the mean 
interval being 86 days, agreeing with Chandler's period. 


THE VARIABLE OF SHORTEST KNOWN PERIOD Two important 


articles have appeared lately in regard to 8598 U Pegasi, which leave its title to 


the above distinction somewhat in doubt See PopuLar Astronomy, Vol. III, 
pages 214 and 400 for charts ete.) In the Third Catalogue the period is given as 
5° 32" 15°, with the minimum preceding the maximum by 3" 14! In H.C. O 


Circular No. 23, printed elsewhere in this number, Pr 


fessor Pickering finds the 








alternate minima of unequa ».90™ and 9.75™, with the period for the 
double variation 8" 59! in Astronomical Journal No. 426, Dr. 
Chandler discusses this circular and his own observations, finding a period half 
that given by Pickering, 4" 29™ 50°.67, with the alternate minima of the same 
brightness, 9".64(o0n a scale slightly different from Pickering’s ida “svmmetri 
eal light curve, with equal intervals of increase and decrease The question of 
the comparative accuracy of photometric and eve-obs¢ vations 1s also considered, 
and is very important in this connection. The star is too near the Sun for ob 
servation during March, but later in the season it is ped that observers of some 
ex perience will vive especial attention to the uestior e comparative bright- 
ness of the alternate minima 
MARENGO, ILL., 1898, Feb. 8 

Harvard Colle Obse itory ¢ 1 f he SCO VE of 27 
new variables, 22 of n sout ( S t | nn 
rangveotl ost 1 thie s ¢ revi Shy 
annourn s Prob ers V ie 
last 1 s ns ( 


) 10 
Phe sp et ‘ ne 
the range of var as tound trot 101 phot | es, 1s trom 9'".S to 
less t ini t iss tt ¢ 1 c ; } 
the 5th magnitude star sigma Cassioy I ‘ { scak 
the Durchmusterung, wi ud in ide1 
Omicron Ceti (Mira).—My first observatior Mira Ceti for the past ap 
parition was:-made on October 24th, 1897, when the star was easily picked up 
with the naked eve, being a very little brighter than Nu Ceti. It has been ob- 


served on every available night up to the present time 

The following results represent my estim ites of brightness in stat magnitudes 
on the dates given. The observations were usually taken between the hours of 9 
and 10 p. M. Central time both with the naked eve and 4-inch telescope and a few 
with a good field glass. 





1897 Magnitude 1897 Magnitud 
October 1.4 December 6 3.2 
1.4 7 3.0 

28 4.1 14 3.4 

29 4.0 ae 3.5 
November 1 3.9 20 3.5 
2 3.8 21 3.6 


. 


This chart was lost while 


n the hands of the engraver Phe chart will appear later 
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1897. 1897. Magnitnde. 
5 24 3.8 
11 29 3.9 
15 3 4.0 
1898 
16 3.3 January 2 
17 3.5 a 
18 3.5 9 
19 3.4 i Ba 
20 3.3 16 
22 a 21 
o8 , 4 2 oo 
380) 6.0 
An inspection of the above indicates that maximum was not reached until 
about the 7th of December, fully 28 days later than the predicted date in the 
* Companion to the Observatory.” Insu ient observations between November 
28th and December 14th on account of unfavorable atmospheric conditions and 


bright moonlight near the date of maximum were unavoidable factors in deter- 


arent magnitude of the ** wonderful” star at its 


mining the exact date and aq 





maximum phase. DAVID E. HADDEN. 
Alta, Iowa, Feb. 14, 1898. 


Obser vations of 0 Ceti in 1897.—The following abstract of 53 obser- 


vations of this variable indicate that it attained a greater magnitude than dur- 

ing the three previous maxima, and that this occurred between Nov. 21st and 

Dec. lst. To avoid repetition the nights of marked change only are mentioned. 
Aug. 20th. Half a magnitude brighter than companion star. 


Sept. 29th. Equal to adjacent star of Sth magnitude 
Oct. 15th. Two tenths 


wighter than 70 Ceti. 
Oct. 17th. Equal to 66 Ceti; not as bright as = Piscium which it resembles in 
tint. 
Oct. 23d. Nearly equal to = Piscium. 
Oct. 26th. Brighter than = Piscium. A week of cloudy weather intervened. 
Nov. 3d. Moonlight. Brighter than 6 Ceti. 


Nov. 10th. Moonlight. For the first time since the maxima have occurred 
out of sunlight, the variable is as bright as y Ceti. 

Nov. 21st. One fourth of a magnitude brighter than yv when near meridian 
ona dark sky. 

Dee. lst. One fourth brighter than y Ceti. Moonlight. Clouds. 

Dec. 12th. Equal to y Ceti. 

Dec. 14th. Not fully as bright as y Cetiina clear dark sky 

Dec. 16th. About one fourth of a magnitude dimmer than y Ceti. 

Dec. 21st. Midway between y and 6 Ceti 

Dee 26th. Scarcely one fourth of a magnitude brighter than 6 Ceti 

Dee. 30th, Equal to 6 Ceti ROSE O'HALLORAN. 


San Francisco, Dec. 3ist, 1897. 


COMET NOTES. 


Definitive Determination of the Orbit of Comet 1892 I1I.—In 
Astronomische Nachrichten No. 3472 Dr. L. Steiner gives the results of his in- 
vestigations for the orbit of the telescopic comet discovered by Mr. W. FP. Den- 


ning, March 18, 1892. This comet though faint was visible for nearly a year, so 
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that Dr. Steiner was able to group his data into twe rm; ces, at inter 
vals of nearly a month. He finds that an hyp ui resent the 
observations a little better than a parabol he d ‘ the eccen- 
tricity derived and that of a parabol . ( e times the 
probable error of the resul Chisis w ble effects of 
systematic errors upon the results, so c nature 
of the orbit is very slight r ) ents as 
determined by Dr. Steit 
1 1892 M 11.2619 82% 
14 is LO 12 ) 
49% } 29 5 2 ) 
j 89 41 10 | 
0.2946197 ) ) 
. 1000345 00 
Ephemeris of Winnecke’s Comet 
, 
| \ 
Ma I I 7 
3.5 9 sS 2 , 
> 5 4 ; 
5 19 ; I { 
Te 1.1 i 1 
I > 2 5 ~ I I 
Is.5 >I I 9 I 14 
vA: 11 if 
19.5 21 I ) I 147 
21.5 31 «16.2 7 
23.5 11 ea 1 1533 
25.8 5 at 10.01 1 
7.5 »2 8.5 12 I 
9. © 22 9 42.2 . 
y1.5 4 Is 5 > I I 
Re-discovery of Winnecke’s Periodic Comet.—Winnecke’s Periodic 
Comet was discovered on New Years 1 { t the position being 
@ 15" 19™ 2°.61, 6 8’ 34.3 at 2 | ry 2 
The comet w thus 2™ east and ) s predicted by 
Hillebrand. 
It was extremely faint with tl 56 small—not over 
10” to 15” diamet« 
An obser t Janus 2] c position as 
216° 33™ 21°.6 ) B° 26° 30" 8 
, ¢ PERRI 
RAL NOTES 
With this iss ‘ iY n tl 1 ’ . scriptior st 
already in hand ‘ ) iwinely large same way we 
will trv some im ments which wt ’ 1 | s of our readers 11 
some respects. This journal will be issue eC Ve 1898 
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The size of this number is much increased in order to admit some mathemati- 
cal articles that would interest a considerable portion of our readers. Some new 
series of popular articles will begin in our next. 


Observations of the Milky Way.—The three useful articles, on further 
study of the Galaxy, published consecutively in the last three issues of thisjournal 
have awakened in the minds of amateurs an interest in this line of work that 
promises well. The first article was on the necessity of further researches on the 
Milky Way. The second was about new charts for inserting the sketches of the 
Milky Way, and the third was the stellar bands in the Zodiac from Gemini to 
Scorpio. The charts for inserting sketches have been received. The first covers 
that portion of the Galaxy from Aquila to Cassiopeia; the second, from Casseopeia 
to Monoceros. These charts are well engraved and are furnished upon their mar- 
gins with ample references, so that the stars in the body of the charts may be 
easily and certainly identified. This inviting line of work ought to find many 
sarnest students. The author, Mr. A. Pannekoek, has planned the work well, 
and the instructions for doing it are careful and explicit. The charts forinserting 
the sketches will be furnished to any who desire to use them for such a purpose, 
tree of charge. 


Miss O’Halloran’s interesting notes given elsewhere should have appeared 
in our last number. It was our oversight that they were omitted. 


New Edition of Argelander’s Atlas —Messrs. A. Marcus and E. Weber, 
publishers in Bonn, Germany, announce that they are planning to issue a new edi- 
tion of that most valuable work published by Argelander in 1863. 

Atlas des nordlichen gestirnten Himmels tiir den Anfang des Jahres 1855 
unter Mitwirkung der Herren Professor Dr. E. Sch6nteld und Professor Dr. A. 
Kriiger nach der in den Jahren 1852 bis 1862 auf der KGniglichen Universitits- 
Sternwarte zu Bonn durchgetiihrten Durchmusterung des nérdlichen Himmels ent- 
worfen und in Namen der Sternwarte herausgegeben von dem Director derselben. 
Text gr. Folio und 40 Karten grésstes Karten-Format. 1863. 90M. 

The publishers propose to insert the corrections of all the known errors up to 
the close of 1897. Owing to the difficulty and expense attending the work the 
publishers must be assured by the first of May, 1898, that at least 100 copies of 
the Atlas will be purchased of them. 

The new plates will be reproduced by the photolithographic process. 

All copies, orders tor which are in the hands of the publishers before May 1, 
1898, provided at least 100 are ordered, will be furnished at the price of 70 marks 
per copy. Single sheets will be furnished at 2 marks apiece, if ordered at the 
same time with a complete copy. 

After May 1,1898, the price will be raised to at least 120 marks per copy and 
single sheets will no longer be furnished. 

The work will be done under the supervision of Professor F. Kiistner, Direc- 
tor of the Royal Observatory at Bonn,so that astronomers may feel assured that 
it will be done in a satistactory manner and that the plates of the atlas will be 
as free as possible from errors. 

The price of 70M = $16.87 is certainly so small that a great many astrono- 
mers of this country will gladly avail themselves of the opportunity to obtain 
this magnificent standard work. Ww. 
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Orbit of the New Binary ( 395 82 Ceti \n intensely interesting 
article by Dr. T. J. J. See appeared some time ayo in No. 3455 of the Astronom- 
ische Nachrichten, relating to the orbit of the new binary 395 which is the 
same as 82 Ceti. This double star was noticed by Dr See on the morning of Aug. 
18, 1897, while sweeping over the constellation of Cetus. With a power of 500 
the star was elongated, but it required a power of 1500 to divide the star and 
well define the images of the components, which were of 6.5 and of 6.6 magnitude 
respectively, and both yellow. 

This star was discovered bv Mr. Burnham, of ( 1875 with his nobk 
six-inch telescope. It has since been measured by s¢ prominent double stat 
observers, including Hall, Leavenworth, Burnham and See. Since 1875 the doubk 
has made about one and one-half revolutions which seems to have escaped the 
notice of observers until its more thorough stud le é Dr. See late 
last year 

©1876 7 
180 bce v8 
e 
of - 
_ 
210 =—_ Ly 9 
1ini¢ L 
* ‘ 
0 fi 395 -62¢ 

The cut of its orbit is given here i | \ | 
period of revolution of this interesti ' Mn three 
known telescopic binaries have shorte | KS Peoas d 

) Equalei, with periods of 5.5, 11.42, and 11.4 ‘ 

Photographic Magnitudes.—|I: ( I mi 
tudes of the stars it is a matter of ore win their 
relative brightness will vary on different plates t s of the 
same plate It is especially important t determine nt { this erro 
since it is net easily eliminated and has been supposed t ge by som rsons 
not familiar with stellar photographs. A moment's investigat ol photographs 
of the same portion of the sky shows that this sour rt ris small, so small 
that it is not readily determined by direct measurement The uniformity of 
different portions of the film is shown by allowing the star 1 rail over the plate 
The different portions of the trails ir equally intense, and no variation is 
perceptible to the eve. A much more delicate test was found in the discussion of 
a series of measures, made by Miss. E. F. Leland, of the variables discovered by 

Professor Bailey in the Cluster Messier 5 Sixty-three of these variables were 
compared on 41 plates by Argelander’s method, with a sequence of comparison 
stars. Estimates were made of the difference in grades of each variable from the 
next brighter and the next fainter star of the sequence The sum of these differ- 


ences gives the interval between the comparison stars 


sults gives, in general, several measures of each intervé 


comparison star in turn may then be regarded as a vy: 


1 


and combining all the re- 


Each 


iable and its changes in 


il on each plate. 
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light determined trom the next brighter and next fainter star of the sequence. 
Comparatively few measures were made of the six brightest and the three faintest 
stars of the sequence. The five intermediate stars were measured on 41, 39, 38, 
30 and 30 photographs respectively. The corresponding ranges in the measures 
derived from each plate, none being rejected, were 0.14, 0.10, 0.12, 0 15, and 0.08 
magnitudes, and the average deviations, 0.02, 001, 6.02, 0.08 and 0.02. The 
largest residual was 0.10 and this depended upon two estimates only. We find, 
therefore, that on the average. five stars were measured on 35 plates with a 
range of O.12 magnitudes and an average deviation of 0.02 magnitudes The 
total number of estimates trom which these results are derived is 4294. The 
average deviation 0.02 includes: Ist Che errors of observation which are in- 
creased by the fact that four estimates enter into each determination, but are 


diminished since on the average twelve determinations were made of each interval 





on each plate. 2d. Errors due to neglecting hundredths of a magnitude, the 
computation so far being ma nly totenths. Sd. Errors due to irregularities 
in the film which enter with their tull value into the result Since the combined 
effect of these three sources of error is 0 02, it is evident that neither of 
them can be large Phe errors due to the film are in fact so small that there is no 
evidence that they exist and more delicate methods of measurements are required 
to render them perceptible.—Hat rd College Observatory, Circular No. 22 
January 4, 1898 EDWARD C. PICKERING 


Polarizing Photometers.—Nearly all of the photometric mea-urements 
obtained at the Harvard College Observatory during the last twenty years have 
been made with modifications of three forms of photometers which are iuentical 
in principal. The first of these is described in the Annals, Vol. XI, Part I, and 
was used tor the observations contained in that publication. The second, the 
meridian photometer, turnished the observations contained in the Annals, Vol- 
umes XIV, XXIII, NXNIV, and XXXIV. The third photometer is described inthe 
Astrophysical Journal, Vol Ul, p. 89. In all of these instruments the star to be 
measured is compared directly with another star by means of a double image 
prism and Nicol. In the first instrument, the images of two adjacent stars are 
brought together by a double image prism; in the second, images of two stars 
however distant are brought together by reflecting them by prisms or mirrors 
into two Object glasses; in the third photometer, images formed by a large tele- 
scope, of two stars not more than half a degree apart, are brought together by 
achromatic prisms, 

An objection to the first form of photometer is that the emergent pencils of 
the images compared do not coincide Small errors may therefore be introduced 
by irregularities in the corner of the eve of the observer, or if he holds his eye in 


sucha position that a portion of one im: 





will be cut off by the edge of the pupil. 
This ditheulty has recently been remedied by placing a second double image prism 
in the focal plane of the telescope. so that it does not affect the pgsition of the two 
images but makes the emergent pencils coincide. A surprising degree of accuracy 
may then be obtained in the measures. Comparisons of the star o Ceti with the 
adjacent star—3° 355, which tollows it about LO‘, have been made by Mr. O. C., 
Wendell withthe 15 inch equatorial of this Observatory, on 191 nights during the 
last five vears. Until recently, the observations were made with the first form of 


eir diam- 


photometer, the emergent pencils overlapping by about two fifths of tl 
eter. Generally thirty-two settings were made each night, and the mean of the 


differences of each pair of sets of four settings each on the first 14 nights of obser- 
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vation made during the present opposition w 





s 0 O74 agnitudes. On the 
last five nights the pencils were made to coincide, as st described, and the cor 
responding average differences were 0.020, 0.002, 0 02 0.022 and 0.032, mean 

0.020. On the second of these meghts, Januar 19, ISOS, the e1ght measures of 
the difference in light of the two stars, each deriy settings, were 4.48, 
4.48, 448,448, 4.48, 4.48, 4.48 and 4.47. Owir ‘ ms in thetrans 
parency of the air in different parts of the sky. t ce can O1 
be expected when stars near together are 

The accuracy of the results att: e Wi ( | ometer is 
shown in the Astrophysical Journ. Vol. Il], p. | ‘ s s of I 
Pegasi described in Circular No. 23. M { n. \ XVIII 
p- 140) while admitting the princia ‘ enies 
realit t the nall ¢ ence 01 \ . mini 
his quantity is so sn t tit dor ss | ‘ 
most iccurate 1 n is i S s I 
Mr. Wen s obs S are ) ‘ 
cousist w 1¢ Ss were ( 
its primary mi n Deri Y . ‘ 
the magi le « t 1 } i ~ RQ YOL ay 
9.96: on Decemlbe »90. 9.95 ) RG | 
9.85: on Janurrv 5. 9 85 and « . of all. 9.90 
greatest tlue 9.96 ~ value 9 ( S 
fourteen observations were t 1 \ mit 
mum with the results on October 18, 189 9g ver 29,9 74 
1.69, 9.70 5 d 9.70: on Decemth OR ) 7S Ki > 
1898, 9.77, 9.77, 9.74 and 9.78. Mear es e 9.80. least 
value 9.69, average deviation 0.029 I \ ves " 
of the secondary minimum is 0.05. less ir e7 ir 
minimum. Ifwe assume that the p i eal 
all of the tirst of these values vive posit Ss \ ri 0.064 
and all of the second (with one ex« t ( ues Wi he 
mean value 0 O70 Phe prob it r ‘ ‘ 
that these deviations are due to < nt ! ext 1 smal t is the 
same as that a person should draw ( S et Ss 
in Ssuccessio nt n should « ( { tec 
On the « e1 ind f these ce ¢ + ic \ 
singula it this « yr always has , . 
ind another at the time of a secon 

( 

Hat ird College Observat« ( 

February 8, 1808 

A New “Run Away” Star.— Professor J. ( n the Astronomische 
Nachrichten No. 3465 announces the discove ( S g eater proper 
motion than any hitherto known 

‘The star Cordoba Zone Catalogue 5".243 ha | er motion of 8”.7 in a 
great circle, as derived from the following obset 101 
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Magn. Epoch. @1875 


h m s 
Cord. Z. C. (2 obs.) S 


1873.04 5 6 40.61 —44 58.176 
Cape Photographic D.M. 9.2 1890.1 


6 1875 


2 50.8 59.9 
Cape Catalogue Plate 1893 9 53.8 60.2 
Innes, Equatorial 8.2 1897.1 55.8 60.4 
Cape Meridian Obs. — 1897.81 56.0 60.530 


These are all well represented by a proper motion of + 0°.621 in right ascension, 
and of — 5’’.70 in declination. Innes finds the star to be orange yellow.” 

The motion of this star exceeds, by over one and one-half seconds of arc, that 
of the so-called “run away” star Groombridge 1830. The star is much fainter 
than Groombrige 1830, and it will now be an interesting problem to determine 
its parallax and thus ascertain whether its real movement compares with its 
apparent motion. 








cal ° 








Corposa Z. C. 5.243 SHOWING PROPER MOTION GREATEST KNOWN, 


The accompanying cut was made from a tracing from a photograph kindly 
sent us by Professor Pickering. The photograph was “enlarged nine times from 
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two negatives taken with the 8-inch Bache telescope at the Arequipa Station of 
the Harvard College Observatory. The scale of the original photographs is 


180” = 0.1cm. The plates were superposed so that the images of the stars on 


one should be a short distance below those on the other. The motion of Z. C. 
54, 243, which is indicated by an arrow, is at once apparent from the displace- 
ment of the line connecting the two photographic images of this object. The 
southern of each pair of images and the right hand image of 5", 243 are repro 
duced from a photograph taken October 8, 1889, with an exposure of 14™. The 
northern images are reproduced from a photograph taken November 10, 1896, 


with an exposure of 12™.” 
BOOK NOTICE 


A New Astronomy For Beginners is the title of a new book by Pro 
fessor D. P. Todd of Amherst College and published by the American Book Com- 
pany of Chicago and New York. In size it is 12 mo, 480 pages, with five colored 
plates and otherwise very fully and well illustrated. Price $1.30. 

**How to teach and how to study the elements of astronomy” isa theme 
that ought to engage the attention of teachers more fully and more carefully 
than appears to have been the fact inthe past. Since the meeting of the ‘‘com- 
mittees of ten’’ at the Chicago University some three years ago to formulate en 
trance conditions to college, more attention has been given to the methods of 
teaching science than before. In the discussions of those committees some things 
were very plainly shown, two of which were very evident to us in regard to the 
views of one committee at least, and that one was had 1n charge of the branches 
of physics and astronomy. That the laboratory methods of teaching physics 
had already gained a strong hold, by actual use, in the minds of eight members 
of the committee was at once evident; that a large part of the committee had 
taught little or no astronomy and theretore had very little to say about it, and 
apparently less interest in the branch than almost any other—so much so as to 
question its place in the high school or preparatory school course and at the 
same time to claim a whole year in these preparatory schools for the elements of 
physics. This was a surprising attitude for a body of representative teachers to 
assume. It was unjust to the kindred branch of astronomy and indicated too 
strong a bent to the special line of work in which they were most interested. The 
real question of what might be best for the schools of the land seems to have a 
second place in thought and plan. 

This much is said to introduce one of the leading features of Professor Todd’s 
new book, and that is the idea of laboratory teaching in connection with the 
study of the elements of astronomy. We think he has presented the matter in this 
new book in this regard strongly and well. He has done it by the aid of ingen- 
ious diagrams and common place illustrations that ought to reach the minds of 
students and readers easily and effectively. We think the interest of those pur- 
suing this work will be sustained and heightened by the fact that the author has 
written everything to date, showing pretty fully and well what are the lines of 
thought and activity among astronomers at the present time in the wide range 
of the study. To do this part of the work well, and write it down to the com- 
prehension of young students is no easy task. Those things in the history of the 
subject which are definitely known are easy to state, but to present the new and 
latest phases of knowledge and discovery in such a’way as to represent the best 


judgment in professional scholarship is a difficult thing to do, especially if an 
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author is writing for young readers or those haying 


little experience in the study 
of science. 


Since our opinion was asked a few weeks ago concerning the merits of this 
new book, we have been much interested in seeing how students in a neighboring 
high school could use it in the class room and in individual study Weare not 
surprised to find favorable results as the outcome so far although but little ad- 
vancement has yet been made 


This new book is commended to the attention of our readers generally. 


PUBLISHER’S NOTICES. 


Contributors are asked to prepare copy carefully, and to write all proper 
pre] P} Pror 

names very plainly. If other language than the English is used to any consider- 

able extent it should be type-written. 


| Manuscript to be returned should be 
accompanied by postage for that purpose. 
All Drawings for publication should be done in India ink, twice the size 


that the cut will be on the printed pace. The lines, figures and letters should be 


made even, very smooth and uniformly black in every part of the copy, in order 
to secure the best reproductions possible by the modern quick processes of en- 
graving now most generally used. 

Proofs will generally be sent to authors living in the United States, if copy 
is furnished before the tenth of the month preceding that of publication. We 
greatly prefer that authors should read their own proofs, and we will faithfully 
see that all corrections are made in the final proofs. 

Reprints of articles for authors, when desired, will be furnished in titled 
paper covers at small cost. Persons wanting reprints should always notify the 
publisher when the copy is sent or the proof returned. For they can not be 
furnished later without incurring much greater expense. 

Renewals.—Notices of expiration of subscription will hereafter be sent with 


the last number of this publication for which payment has been made. It is 


notice sent them and 
promptly return it to the publisher, as this publication will not be continued be- 
vond the time for which it has been ordered. 


especially requested that subscribers fill out the blank 


Messrs. Wm. Wesley & Son, 28 Essex Street, Strand, London, England, 
are our sole European agents. 

Subscription Price to Popular Astronomy in the United States, Can- 
ada and Mexico is $2.50 per volume of 10 consecutive numbers. For 12 num- 
bers, or monthly during the calendar year $3.00, Price per volume of 10 numbers 
to foreign subscribers $3.00; annual subscription for 12 numbers $3.60. 

All correspondence and all remittances should be sent to 

Wa. W. Payne, 


Northfield, Minn., U.S. A. 











